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exposure to tobacco during the past few d tyi. Nicotine levels is 
•nnc and saliva are mmnatcd with exposure to tobacco smoke*-* 
but do not dui inguisb reliably between unohen and non-smoker* 
exposed toother people's smoke, 7 and, because of the short half- life 
•f nicotine m blood, they reflect exposure to smoke for the previous 
few hour* only. There are implications for biochemical 
epidemiology in our multi Id Bodies in which unne samples have 
bees frozen, diseases which might be related to breathing other 
people’s smoke os be investigated by measuring cot mine 
conoeairaaons in smnples from non-smokers who have, for 
cxamplt, lung cancer and in samples from matched ooo-smokmg 
controls 

Wt thank Mr* Dum Inilfay cwapatiagaaMWrraadMr P. A., Thawipon 
fiwamstanc* with dau rocnSoatiM* aarfsample coUecueo Vcafcathaak the 
Mc&cal Rcmrck Council Jer Aaucwl support 
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FAILURE TO DETECT AGE-RELATED INCREASE OF 
KON-PATHOLOGICAL AUTO ANTIBODIES 

Sir,—I t is a tenet of immunological theory that the immune 
system preserves a capacity for self-recognition; collapse of self- 
recogmnon may resuh is autoimmune disease. The idea that 
nt corn i bodies appear with increasing frequency with age, without 
necessarily any pathological!association, has also gained general 
acceptance. 1 

We have developed a new immunoassay procedure called “multi- 
dot immunobrndini”, 3 Antigens artapplied to nitr ocellu los e in the 
firm of dots, and bound antibody is revealed by an indirect 
immunopcroxidase test. The stain intensity of the dot « then a 
measure of the antibody litre. The method is simple to do and well 
suited to analyses where complete immunological profiles art 
required. Any combination of docs may be wed on sot strip of 
nkrocrllulote. We have explored the applicability of this 
methodology for autoamibody profiles. 1 While evaluating this 
method we accumulated a file of profiles for various groups of 
healthy individuals and patients. To our surprise there wm do age- 
related increase in autoimmunity. 

The sera came from healthy people, from patents with miscel¬ 
laneous diseases irrelevant to autoimmunity, md from patents with 
rheumatoid arthritis and miscellaneous connective tissue daemes 
IgG and IgM specific profiles consisted of assays fee anti-native- 
DNA, amt-denatured-DKA, rheumatoid factor, hefts edfts, sod 
vwSdus subctllular fractions de ri ved from hda eeD* (nuclei, 
mitochondria, ribosomes, cytosol, auefcofti, and nuclear RKF). Only 
das for ant r-DNA and rheumatoid fan or are gnw here (the other 
data did not lead to any different coodurionf 

Table l shows the mean tit m Dbtained by rAcxmct 
densitometry for healthy people and patients with do know n 
autoimmune condition. There is no simple relation between mean 
titra and age The validity of the assay system m supported by the 
raised titra found in patents with connective tissue diseases 
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(bottom line of table i) Ag*related changes wth not being masked 
by the combination of data from healthy individuals with data trom 
patients with non autoimmune diseases, a the correlations in table 
11 shou Nor did any age-related increase mime emerge when males 
and females were separately analysed 

We had thought that inaeastng symptomlcas autoimmunity 
with respect to age was weU-esiablubedi However, there may be no 
conflict between our data and earlier fmdmp Prrhapi the 
“for bidden“ clones that accumulate w ith age arc of restricted 
specificity and are not detect td by all methods: use of our highly 
Specific new method may then decrease the probability of detect mg 
antibodies from such forbidden clones 

We know* of two other studies in which age-related increases in 
rheumatoid factor (passive haemagglurination technique) 4 and 
•Dtuiuckwr antibodies* *Trr not found. These findings, with ours, 
rwae the question of whether as ana easing frequency of 
outoontibodio with age rrpresemi true autoimmunity or merely an 
increase in antibodies which happen to croxs-react with some 
o»roantigen<i>. 

Chir results do mi question the increasing frequency of 
autoimmune disease with age. b practice they mean that, when 
establishing normal values of autoamibody litres with the multi-dot 
fcnreunobtndiag assay system, correction for age is nor necessary 
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PLATELET ALPHA GRANULE PROTEINS IN STROKE 
AND TRANSIENT ISCHAEMIC ATTACKS 

Sat,—Data on plaieki anhwtion in mien hcfcacmic attacks 
(TXAs) and stroke are confusing. Platelets when actrrwed release 
both platelet ftCTw4(PF4)aadJMhroinboflobvlio(0TGLandgrcat 
importance has been snachcd to measuring these rv^Q^tu in ibe 
pftmma. dr Boer e a) 1 measured the plasms fTG in pauems within 
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Cotinine Analytical Workshop Report: 
Consideration of Analytical Methods for 
Determining Cotinine In Human Body Fluids 
as a Measure of Passive Exposure to 
Tobacco Smoke* 

by Randall R. Watts, f John J. Langone,* George J. Knight, s 
and Joellen Lewtas* 


A two-day technical workshop was convened November 10-11, 1986, to discuss analytical 
approaches for determining trace amounts of cotinine in human body fluids resulting from pas¬ 
sive exposure to environmental tobacco smoke (ETS). The workshop, jointly sponsored by the U.S. 
Environmental Protection Agency and Centers for Disease Control, was attended by scientists 
with expertise in cotinine analytical methodology and/or conduct of human monitoring studies 
related to ETS. The workshop format included technical presentations, separate panel discussions 
on chromatography and immunoassay analytical approaches, and group discussions related to the 
quality assurance/quality control aspects of future monitoring programs. This report presents a 
consensus of opinion on general issues before the workshop panel participants and also a detailed 
comparison of several analytical approaches being used by the various represented laboratories. 
The salient features of the chromatography and immunoassay analytical methods are discussed 
separately. 


Introduction 

Environmental tobacco smoke (ETS) has increas¬ 
ingly become a health concern since a series of epide¬ 
miological studies between 1981 and 1986 (1-6) 
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reported an association between tobacco smoke expo¬ 
sure and increased risk of human lung cancer. Hum¬ 
ble and co-workers (7) recently confirmed the health 
risk conclusions of earlier researchers and reported^ 
that people who never smoked and were married to 
smokers had about a 2-fold increased risk of lung 
cancer. 

Methods for determining the degree of exposure: of 
individuals has received much attention in recent 
years, and various biological markers have been stud¬ 
ied as surrogate analytes for determining exposures 



^IMroceaQiss'i 
lave been reported for determining cotinine in 
human body fluids. The majority of t he se procedures 
use either a chromatographic technique or some form 
of immunoassay analysis. 

This paper is a report from the two-day Cotinine 
Analytical Workshop, which was attended by invited 
health scientists and analytical chemists recognized 
for their expertise in studies of population exposure 
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to ETS and/or analytical methodology related to 
these studies. The workshop was jointly sponsored by 
the U.S. Environmental Protection Agency (EPA) and 
Centers for Disease Control (CDC) and was attended 
by 32 scientists who shared their expertise in immu¬ 
noassay or chromatography methods for cotinine and 
provided guidance for developing and establishing 
related programs for determining passive exposures 
to tobacco smoke. The meeting objective was to com¬ 
pare the various analytical approaches to cotinine 
analysis and tomake recommendations regarding the 
general aspects of establishing and conducting moni¬ 
toring programs. Discussions included quality assur¬ 
ance/quality control (QA/QC) programs to support 
cotinine monitoring studies and also the possibility of 
conducting a future interlaboratory methods compar¬ 
ison study. The diverse analytical approaches repre¬ 
sented by chromatography and immunoassay 
methods for cotinine were separately discussed and 
reported by respective work groups. The purpose of 
this communication is to summarize discussions from 
the immunoassay and' chromatography work groups 
relievant to the aforementioned topics and to convey 
the workshop general consensus on other joint issues 
including QA/QC aspects of ETS studies. 

Chromatography Group Report 

The workshop participants with expertise in devel¬ 
oping and 1 applying chromatography methods for 
determining cotinine in biological fluids met in a one- 
day session. The goal of this session was to develop a 
group consensus on several key issues including a) 
general method considerations and approaches, 6) 
QA/QC programs to support cotinine monitoring 
studies, and c) considerations related to conducting 
an interHaboratory methods comparison study. The 
following is a summary of the chromatography group 
discussions and a draft of their recommendations 
related to topics a andi c. The QA/QC recommenda¬ 
tions are contained in a separate section. 

General Method Considerations 

Sample Type. The body fluids discussed for moni¬ 
toring tobacco smoke exposure included blood serum, 
saliva; and urine. Group consensus was that all three 
are generally acceptable; however, the choice of a body 
fluid to analyze should be predicated on the goals of 
the: specific monitoring program. For studies that 
require a quantitative assessment of exposure, blood 
was recommended by the group as the fluid of choice 
(8). Saliva was albo considered acceptable, and good 
correlations were reported between saliva and blood 
for results from the same subject (9). Sample collection 
considerations, however, resulted in the selection of 
Mood as the sample medium of first choice. Analysis of 
ither blood or saliva for cotinine permits an estimate 
of the degree of exposure to tobacco smoke in persons 
passively exposed at home or in the work place. While 


cotinine determination in urine was also recommended 
for estimating exposure, it was generally felt that esti¬ 
mation based on urinary cotinine excretion would be 
less reliable than estimation based on plasma or sali¬ 
vary levels. Cotinine excretion is variable across and 
within individuals depending on renal function, urine 
flow rate, and urine pH (JO). Urine results may be 
expressed as micrograms of cotinine per milligram of 
creatinine in order to correct, in part, for the variable 
dilution effects. This correction or normalization, how¬ 
ever, introduces additional variability since this 
requires another analytical determination (and oppor¬ 
tunity for experimental error), and creatinine excre¬ 
tion rates for individuals are also variable; Horstmann 
(11) reported creatinine excretion rate for 56 subjects 
to be 1.11 ± 0.68 g/day (mean ± SD). Hoffman and 
Brunneman (12) also found 13 nonsmokers om a con¬ 
trolled diet to have creatinine values of 1.65 ± 0.5 g per 
24 hr urine (mean ± SD); The coefficients: of variation 
between subjects for these two studies were 61 and 1 
30%, respectively. 

Sample Collection and Handling. Chromatogra¬ 
phy procedures for cotinine generally require analysis 
of a 1 mL sample with an additional 1 mL volume 
needed for reanalysis. A totial sample volume of 2.5 to 
3.0 mL was therefore recommended. Glass and/or 
polypropylene sample tubes with screw cap closures 
were recommended. The polypropylene tubes were pre¬ 
ferred to avoid breakage dinting shipment. Minimum 
size sample tubes were suggested to' reduce volume 
losses from freeze drying during long-term storage; 

Blood should be centrifuged at the field site and the 
serum samples frozen prior to shipment to the labora¬ 
tory. Urine should be frozen soon after collection to 
prevent bacterial degradation of the sample. Saliva 
may be collected by expectoration into a sample tube;: 
however, an alternative saliva collection procedure 
that uses highly adsorbent dental rolls is recom¬ 
mended (J9); The subject is asked to place a dental 
roll in the mouth for approximately 15 min. The sam¬ 
ple is then placed in a tube and frozen prior to ship¬ 
ment to the laboratory. The thawed sample is 
regenerated at the laboratory by placing the dental 
roll in a glass syringe and compressing with a glass 
plunger. The resultant clear liquid may then be ali- 
quoted for analysis. 

Shipment in a frozen condition with dry ice was 
recommended for all three sample types to prevent 
bacterial degradation of the sample matrix. Loss or 
degradation of the cotinine- analyte was not consid¬ 
ered to be a problem since participants had found this 
compound to be stable. 

Upon receipt at the laboratory, samples should be 
placed in a freezer (approximately — 20°CfOntil ana¬ 
lyzed. Samples that will be held in excess of one year 
should be stored at —80°C. No cotinine degradation 
problems were reported for frozen samples. Precau¬ 
tions were recommended, however, to prevent concen¬ 
tration errors resulting from freeze-drying of 
samples stored over one year in a frost-free freezer. 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnxOOOO 


2023381057 



COTININE ANALYTICAL WORKSHOP REPORT 


175 


Analytical Method Considerations 


The group consensus was that the analytical 
method' should permit the determination of nicotine 
and cotinine in a single analysis and should allow a 
dear separation and distinction between these and 
other analytes that may be present. The method 
should be sufficiently sensitive to give good definition 
of passive exposure and thereby yield analytical 
results which will show a distinction, for example, 
between a child'or other nonsmoker that is exposed in 
the home and one that is not. Tables 1 and 2 list the 
range of detection limits for both chromatography 
and immunoassay methods. 

The importance of this sensitivity consideration 
was supported'by the 1981 report of Hirayama (1) and 
the 1987 report of Humble et all (7) which showed an 
increased risk of lting cancer for a spouse exposed to a 
smoker in the home. Russell reported that cotinine 
levels in children’s saliva averaged 0.44 ± 0.68 ng/mL 
where no parents are smokers, 1.31 ± 1.21 ng/mL 
where only the father smoked, 1.95 ± 1.71 where only 
Hie mother smoked, and 3.38 ± 2.45 ng/mL where 
both parents are smokers (IS). This study used an 
analytical method with a detection and quantification 
limit of 0.1 ng/mL, which permitted classification of 
the lowest exposures into exposure distributions dif¬ 
fering by only 0:1 ng/mL. Over 30% of the children 
from nonsmoking homes had cotinine concentrations 
below the 0.1 ng/mL detection limit. In the groups 
where one or more parents smoked, the cotinines were 
significantly (p < 0.01) elevated, and 50% of the chil¬ 
dren of Hie lowest exposed group had less than 1 ng/ 
mL (when only Hie father smoked). Table 1 shows 
that several available chromatography methods have 
detection' limits ranging from 0.1 to 0:2 ng/mL while 
the most sensitive immunoassay method in Table 2 
reports a 0.3 ng/mL detection limit. 

The question of analyte volatility losses during 
analysis was discussed, and it was generally agreed 
that if nicotine were included as an analyte, precau- 
tions would need to be taken to prevent loss during 
concentration steps: Acidification to convert nicotine 
to a salt form prevents losses during concentration: 

Cotinine primary standards are used in the free 
base form by some analysts; however, a salt form was 
preferred'by meefing participants, since the free base 
form is hygroscopic and difficult to maintain at a 
well-defined purity. A perchlorate salt of cotinine was 
recommended for preparation of 1 mg/mL stock solu¬ 
tions in 0.01 N HCl ( 8 ). This standard solution could 
be frozen and kept indefinitely. The group consensus 
was that a salt form of cotinine should be made avail¬ 
able as a primary standard. 

Chemical analysis is usually accomplished by gas 
chromatography with nitrogen/phosphorus thermi¬ 
onic detection (GC-NPD) or GC-mass spectrometry 
(GC-MS) using either electron impact ionization or 


chemical ionization. Packed columns for GC were suc¬ 
cessfully used; however, fused silica capillary columns 
containing a methyl silicone or methyl phenyl silicone 
liquid phase were recommended (see Table: 1! HRGC 
references). 

A high-performance liquid chromatography 
(HPLC) method using a C u reversed phase column 
with paired ion chromatography and UV detection (at 
257 nm) was also reported! by McEltoy where the 
HPLC method of Machacek and Jiang (14) was modi¬ 
fied for analyzing urine samples at passive exposure 
levels. Further improvement in HPLC sensitivity and 
detection limit is required before application to the 
more limited sample volumes generally available for 
blood or saliva. HPLC was considered a 1 very promis¬ 
ing approach due to the highly efficient columns now 
available and the stability and reproducibility of 
response commonly obtainable by UV detection. 

The final quantitation of residues in all methods 
was accomplished with internal standards; and stan¬ 
dard curves developed from fortified blank samplles. 
It was recommended that standard curves be pre¬ 
pared daily or with each batch of samples. A variety 
of internal standards were used ranging from deuter- 
ated cotinine and nicotine for GC-MS to chemically 
similar compounds for other GC or LC detectors. 

Table 1 lists the chromatography methods (14-17) 
presented at the workshop and summarizes the sali¬ 
ent features of each. Information for this table was 
derived from questionnaire responses submitted by 
each author/participant. 


Chromatography Group 
Recommendations 

The chromatography group recommended that an 
interlaboratory methods comparison study be con¬ 
ducted prior to any large-scale monitoring efforts 
aimed at determining population exposure to tobacco 
smoke. Specific suggestions and recommendations 
relating to method comparison studies were as 
follows: 

• Separate studies should be conducted for passive 
exposure levels and active smoker levels. 

•Statisticians should be used in planning study 
samples. 

•Blood, urine, and salrv!r should be included in each 
study. 

• Immunoassay and chromatography methods, should 
be included in each method comparison study. 

•Samples should be fluids from exposeilLindividuals 
and also from fortified blanks in order to look for 
bias from chromatography or immunoassay methods 
through measurement of artifacts or metabolites 
related to nicotme/cotinine. 

•The study coordinator should supply standard refer* 
ence material(s) to each participating laboratory. 
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Table 1. Summary of passive exposure chromatography methods. 



Machacek and 
Jiang (U) 

Jacob, et ah (75) 

Verebey et al. (16) 

Feyerabend et a!: 

(in 

Kornfeld (persona] 
communication)' 

Sample type 

Urine 

Blood; plasma. 

Serum 

All biological fluids 

Urine 

Vol. analyzed^ mL 

6 

urine 

1 

0.5 

1 

5 *' 

Concentration step 

N2 evaporated to 

N2 evaporated to 

None 

N2 evaporated to 

N2 evaporated 

Extraction method 

dryness 

SPE column 

dryness 

Solvent extraction 

Solvent extraction 

dryness 

Solvent extraction 

solvent exchange 
Solvent extraction 

Isolation step 

Chloroform elution 
Acid/base partition 

Acid/base partition 

Acid/base partition 

None: plasma and 

None 

Determination 

HPLC reverse- 
phase 

Paired ion 

HRGC-NPD 

HRGC-NPD 

saliva 

back extract 
urine 

GC-NPD 

HRGC-MS 

Quantitation 

chromatography 

Internal standard 

HRGC.MS 

Internal standard 

Internal standard 

Internal standard 

Internal standard 

Calibration curve 

Calibration curve 

Calibration curve 

Calibration curve 

Calibration curve 

Linear range 

0-500 ng 

0-4000 ng/mL 

40-400 ng/mL 

0-15,000 ng/mL 

1-500 ng/mL 

Detection limit 

<1 ng/mL 

0.2 ng/mL 

5 ng/mL 

0.1 ng/mL 

0.13 ng/mL 

Quantification limit 

1 ng/mL 

0.5-5 ng/mL 

5 ng/mL . 

0.1 ng/mL 

0.25 ng/mL 

cv, % 

13 

6.8 (3.0 ng/mL)' 

56 

7.7; 

6 

% recovery 

90 

12 (1.0 ng/mL) 

13 (0.5 ng/mL) 

107 

90 

90 

85 


immunoassay Group Report 

Participants in the workshop with expertise in the 

velopment and use of immunoassays for detecting 
cotinine in biological fluids met independently of the 
chromatography group to discuss and make recom¬ 
mendations regarding methodology and applications 
of immunoassay in monitoring passive as well as 
active exposure to tobacco smoke, QA/QC programs, 
and interlaboratory methods comparison. The follow¬ 
ing discussion presents an overview of the available 
immunoassay techniques for cotinine analysis, their 
applications with advantages and disadvantages, and 
the views and recommendations of the immunoassay 
panel members. There is notable agreement between 
this group and the chromatography group on most 
common issues outside the technical aspects specific 
to each methodology. 


General Method Considerations 

Introduction. The first radioimmunoassay (RIA) 
for cotinine was reported in 1973 (18,19). Antisera 
were raised in rabbits and goats immunized with a 
covalent conjugate prepared by linking cotinine 4'- 
carboxylic acid to immunogenic carrier proteins, such 
as bovine serum albumin and keyhole limpet hemocy- 
anin. The radioactive tracer was prepared by labeling 
a tyramine derivative of cotinine 4'-carboxylic acid 
with “*1; since then, [^jcotinine has been prepared 
enzymatically (19) from [ 3 H]nicotine and is now 
widely used. Another approach uses cotinine deriva- 
tized at the 1-position in the pyridine ring for prepar¬ 
ing the immunogen and as a precursor of an m I- 
labeled tracer (20). The original assay has been used 
to measure cotinine levels in physiological fluids, e.g., 
urine, blood, saliva; amniotic fluid, and spinal fluid 


Table 2. Summary of Immunoassay methods. 



Langone et al. (J8) 
Langone and Van 





Vunakis (79) 

Haley et al. (22) 

Knight et al. (291^. 

Bjercke et al. (27,23) 

Sample type and volume 

Urine (0.02-0J05) 

Urine, plasma, saliva 

Urine (0.01) 

Urine, serum, saliva 

analyzed, mL 

Serum (up to 0.5) 

(0.005-0j025) 

Serum (01) 

(01 in RIA; 0.01 in 


Saliva (0.02) 



microtiter plate 

Assay type 

RIA ( m I, *R) 

RIA (*H) 

RIA (»I): 

assays) 

RIA (“1* 

Quantitation 




FIA 

Internal standard 

Internal standard 

Internal standard 

Internal standard 


Calibration curve 

Calibration curve 

Calibration curve 

Calibration curve 

•ction limit, ng/mL 

2 

0.37 

0.3 

05-1.5 

.imitation limit, ng/mL 

2 

1 

1 

0 5-1.5 

CV,% 

6-10 

10 

10-15 

9-14 


“Enzyme-labeled protein A cannot be used to assay concentrated serum. 
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(18,19,21-28) of active smokers and serum, urine, and 
saliva (2i-2€), of passive smokers. 

More recently, monoclonal: antibodies specific for 
cotinine have been prepared and used to develop fluid 
phase RIAs with the m I- and *H-labeled tracers as 
well as enzyme-linked immunosorbent assays 
(ELISA) and'a fluorescence immunoassay (FIA) in a 
microtiter plate format (27,28). These assays also 
have been used to measure cotinine levels in fluids of 
active (27£8) and passive smokers (Langone et al., 
unpublished results). 

Test Samples and Standards. Because the origi¬ 
nal RIAs and' the monoclonal antibody-based 
nonisotopic assays have been developed for analysis 
of unextracted physiological fluids, careful attention 
must be paid to possible nonspecific inhibition of 
antigen-antibody binding resulting from effects of pH 
or high concentrations of salts or urea, e.g., in urine: 
In this regard the immunoassay group agreed and 
strongly recommended that pooled standhrd samples 
of serum, saliva, and urine containing known amounts 
of added! or endogenous cotinine should be made 
available through an agency such as the National 
Institute of Standards and Technology. There was 
general agreement that GC/MS would be the best 
method to establish the cotinine concentration for 
purposes of methods comparison and that levels 
should cover the range from cotinine-free through 
concentrations found in passive and active smokers. 
Essentially cotinine-free samples might be collected 
from a 1 population that would represent a group with 
minimal exposure to tobacco smoke (e.g.. Mormons in 
Utah). The suggestion also was made that low-level or 
essentially cotinine-free fluids might be treated (e.g., 
by absorption with: XAD-2 resin or charcoal) to 
remove possible traces of cotinine. However, because 
absorption could remove other constituents that 
might affect the assays, it was not considered to be a 
firm recommendation. 

Although it was suggested that urine may be the 
fluid of choice for RIA analysis, there was no strong 
consensus for priority over serum or saliva. In this 
regard, one participant pointed out the advantage 
that salivary cotinine levels determined by RIA are 
independent of saliva flow (Van Vunakis and Regas, 
unpublished results). The monoclbnal antibody assays 
also have been 1 used to detect cotinine in saliva and 
urine of passively exposed children (Langone et all, 
unpublished observations), and these investigators 
tended to favor the use of saliva. In addition to the 
use of dental rolls as discussed by the chromatogra¬ 
phy group, one member of the immunoassay group 
suggested that subjects chew a piece of Teflon tape to 
stimulate the flow of saliva that is then collected in a 
glass vial. It was pointed out that Teflon will not 
contaminate the sample. Regardless of which fluid is 
tested, it was recommended that samples be cen¬ 
trifuged (e.g., 2D00p for 10-20 min or lOOOOp for 1-2 
min): to sediment particulate matter before analysis. 
Immunoassay group participants concurred with the 


sample handling recommendations given in the Chro¬ 
matography Group Report 

Comparison of the Assays 

The original RIA and variations of it are used' by 
the immunoassay group participants. Therefore, the 
discussion focused on this method and the monoclonal 
antibody based assays, the salient features of which 
are summarized in Table 2. 

Reagents. The same immunogen was used to pro¬ 
duce the rabbit, goat, or sheep antisera and' the 
monoclonal antibodies. However, it was emphasized 
that cotinine 4'-carboxylic acid (and the “I-labeled 
derivative) is a mixture of stereoisomers giving rise 
to a heterogeneous population of polyclbnal antibo¬ 
dies recognizing both natural (—)-cotinine and the 
(+)-enantiomer. Also, conventional antisera 1 contain a 
population of antibodies that bind specifically to the 
linkage group that joins cotinine to the immunogenic 
carrier protein and to the tyramine group in the 125 1- 
labeled derivative. The practical consequences are a 
relatively shallow standard inhibition 1 curve and the 
failure to achieve 100% inhibition of immune binding 
with (—)-cotinine. Although these problems are cir¬ 
cumvented by using (—)-[ 3 H] cotinine, this assay is 
somewhat less sensitive, owing to the lower specific 
activity and counting efficiency achieved with tri¬ 
tium. Also, disposing of large volumes of radioactive 
scintillation fluid is a major concern. 

Two approaches have been used with some success 
to improve the quality of the ^I-RIA with rabbit 
antisera. They involve removing antibridge group 
antibodies by absorption with a nicotine-hemocyanin 
conjugate (29) and preparing an m I-labeled cotinine 
derivative with a bridging group different from that 
present in the immunogen (SO). In contrast, 
monoclbnal antibodies to cotinine were produced in a 
way that avoided the problems inherent in 1 the use of 
polyclonal antisera (27#8). Although the immunogen 
contained a mixture of isomers, the hybridbmas were 
screened using (—H^Jcotinine to optimize chances of 
detecting antibodies that preferentially recognize the 
naturally occurring isomer, but not the bridging 
group in the immunogen: Furthermore, it was pointed 1 
out that monoclonal antibodies are preferred stan¬ 
dard reagents for immunoassay because they are con¬ 
tinuously available andi are homogeneous in terms of 
binding affinity and specificity. 

The specificity of any newly produced antiserum 
must be fully characterized one time with a 1 battery of 
compounds that would include at least cotinine, nico¬ 
tine, and metabolites such as nicotine N'-oxide, nor- 
nicotine, and £rans-3'-hvdroxv cotin ine. This 
recommendation holds even for new antisera pre¬ 
pared with a proven immunogen, since the response of 
individual immunized animals cannot be predicted. 
However, all agreed that when the properties of the 
antiserum had been established, it was unnecessary 
for each laboratory that received that antiserum 1 to 
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complete a thorough reexamination of specificity, 
although it would be good laboratory practice to rou¬ 
tinely compare the cotinine and nicotine inhibition 
curves. 

Immunoassay methods have often reported using 
standard cotinine as the free base. However, because 
cotinine is hygroscopic and difficult to weigh accu¬ 
rately, all participants agreed that a nonhygroscopic 
salt of cotinine, such as the perchlorate or fumarate, 
would be the preferred standard. 

Assay Performance. In the original RIA, 
antibody-bound and free-labeled cotinine were sepa¬ 
rated by the double-antibody method in which a het¬ 
erologous antibody directed against the species of 
anticotinine was used to precipitate antigen-antibody 
complexes (18). Other techniques can be used includ¬ 
ing precipitation with ammonium sulfate or polyeth¬ 
ylene glycol (29) i Although the latter methods are 
faster and less expensive, there was some concern 
expressed that background radioactivity precipitated 
by ammonium sulfate, when normal serum is used in 
place of anti-cotinine, can exceed 10% of the added 
amount of cotinine tracer. 

In contrast to the conventional fluid phase RIAs, 
the monoclonal antibody-based assays are carried out 
in a solid-phase system in which a cotinine-polylysine 
conjugate is passively adsorbed to the surface of 96- 
well plastic microtiter plates (27£8). Immobilized 
cotinine and fluid phase cotinine in the test sample 
compete for monoclonal' anticotinine;,, which is 
detected with a variety of enzyme-labeled antiimmu¬ 
noglobulin reagents including the bacterial product, 
protein A. Assay sensitivity can be enhanced by using 
a sandwich procedure in which rabbit anti-mouse 
immunoglobulin is addedi before (or along with) 
labeled protein A. It was emphasized that protein A 
reagents cannot be used to detect low levels of serum 
cotinine, because host IgG will bind nonspecifically to 
the microtiter wells giving high background binding 
of the enzyme-labeled protein A tracer. 

Compared to times when rabbit antisera were used, 
assays with monoclonal antibodies were more sensi^ 
tive, the standard curves were steeper, and the anti- 
gen-antibody reaction was completely inhibited by 
(^-)-cotinine, even when the ‘“I-labeled tyramine 
derivative was used in RIA (28). There was good 
agreement between the levels of cotinine found in 
saliva and serum of smokers determined by conven¬ 
tional RIA, the monoclonal antibody ELISA and GC 
(27,28). It was pointed! out that high quality rabbit 
antisera also can be used in the solid phase 
nonisotopic immunoassays with titers that can be 
100- to 1000-fold' higher than in RIA (27£8). 

Specificity and Sensitivity, Both polyclonal and 
monoclonal antibodies are specific for cotinine 
(18,19^7). Approximately 50 to 100 compounds that 
have been tested in the immunoassays including sev¬ 
eral nicotine metabolites, related tobacco alkaloids, 
and other compounds that retain structural features 
of either or both ring systems found in nicotine or 


cotinine fail to inhibit the antigen-antibody reactions 
at levels that would interfere in the assays. 

One participant emphasized that literally 
thousands of serum and urine samples from both 
active smokers and nonsmokers had been analyzed 
over a period of several years and that few, if any, 
false positives had been reported! Although the sub¬ 
jects studied are mainly from the U.S. and England, 
these data support the view that diet or other factors 
such as prescription or other drugs do not interfere in 
the assays and are consistent with' high specificity of 
anticotinine. It was pointed out that differences m 
diet or drug use must be considered when other popu¬ 
lations are studied^ or at least be aware that interfer¬ 
ence in the assays might arise from factors which' 
have not appeared to date. 

The immunoassays generally can detect cotinine 
down to the ng/mL level or less (Table 2), although it 
was emphasized that sensitivity can be affected by 
the need to dilute samples (e.g., urine) that may give 
spurious results when' higher concentrations are 
tested: This point was discussed at some length'with 
the participants in agreement that a sensitivity for 
cotinine of 0.1 ng/mL of physiological fluids could not 
generally be achieved with confidence using the availi- 
able immunoassays. In this regard, it was pointedlout 
that differences in sensitivity limits between chroma¬ 
tography and immunoassay likely reflect fundamen¬ 
tal differences in methodology and are not strictly 
comparable. GC methods, for example, might extract 
and analyze a considerably larger portion of sample 
than would be analyzed by immunoassay. 

Analytical Results. There was general agreement 
that cotinine concentration shouldl be expressed as 
nanogram per milliliter. However, urine values alto 
should be given as nanogram per milligram' creati¬ 
nine, as this ratio is used conventionally in the medi¬ 
cal literature to account for differences in' urine 
voltime. Because low levels of creatinine in infants 
relative to adults may result in misleading values 
that fall into the range reported for active smokers, 
the need to include primary data for urine was 
stressed. Furthermore, experience has shown' that 
urinary cotinine levels determined by conventional 
RIA generally are 30 to 50% higher than values 
obtained for the same samples by GC. Discussion cen¬ 
tered on the possibility that the higher RIA values 
may reflect cross-reactivity of anti-cotinine with' 
<ra7w-3'-hydroxycotinine, which recently has been' 
reported to be a major nicotine metabolite found in 
smokers’ urine at levels up to three times higher than 
cotinine (82), 

Since this meeting, synthetic trans-3'-hydroxyco- 
tinine (supplied by Dr. Peyton Jacob; Saa~Francisco 
General Medical Center) has been shown to cross- 
react only 1 to 2% compared to cotinine in the 
monoclonal antibody based ELISA; one participant 
stated that he found only about 5% cross-reactivity 
with his rabbit antiserum in RIA. This degree of 
cross-reaction would not account for the discrepancy 
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Table 3. Summary comparison of chromatography and RIA methods. 



Chromatography methods 

RIA methods 

Sample type 

Blood, saliva, urine 

Blood, saliva; urine 

VoL analyzed, mL 

0,5-6 

0.005-0.5 

Extraction and concentration 

Yes 

No 

Quantification 

Internal standard 

Internal standard 


Calibration curve 

Calibration curve 

Detection limit, ng/mL 

0.1-5 

0.3-2 

Quantification limit, ng/mL 

0.1-5 

0.5-2 

GV, % 

56-13 

6-15 


in the urine values, and it was agreed that further 
research was needed to clarify the basis for the 
differences. 

Considerations in Selecting an 
Analytical 1 Technique 

Table 3 shows some comparisons for RIA and chro¬ 
matography methods. Apparent differences are in 
sample volumes used; sample work-up requirements, 
and limits of detection. RIA methods use less than 
10% of the sample volumes required for chromatogra¬ 
phy methods, and' this is a major reason that RIA 
detection limits are not as low as those for chroma¬ 
tography methods. Because RIA methods do not 
require sample manipulations such as extraction and 
concentration,, theyare faster, simpler, and presuma¬ 
bly less expensive. Chromatography procedures not 
only have the advantage of increased sensitivities, but 
also are more specific and can provide quantification 
of both nicotine and cotinine in a single analysis. 
Workshop participants agreed that the choice 
between these two approaches would depend on the 
goals of a particular study. Both approaches have 
been found to be 100% effective in discriminating 
smokers from nonsmokers (32), This particular goal 
would favor the use of an RIA method. At least one 
participant suggested that the more sensitive chro¬ 
matography methods are recommended to character¬ 
ize ETS exposures for plasma or saliva concentrations 
when levels are less than 1 ng/mL. 

A compilation of literature values for cotinine con¬ 
centrations in body fluids of nonsmokers before and 
after documented ETS exposures is shown in Table 4. 
This comparison indicates a similarity between 
plhsma and saliva concentrations, while urine values 
are often a factor of two or more higher. This is a 
primary reason' that urine is often the fluid of choice 
when RIA methods are used in passive smoking 
studies. 

Quality Assurance for Laboratories 
Assaying Cotinine 

Participants in the cotinine workshop discussed the 
need for developing a quality assurance (QA) pro¬ 
gram for monitoring performance of laboratories 


assaying cotinine for the purpose of assessing expo¬ 
sure to ETS. When assuming many subjects, such a 
QA program would be essential to ensure that the 
conclusions reached are based on reliable data. A one¬ 
time exercise where the ability of laboratories to 
measure cotinine ltevelb found in both active smoking 
and for passive exposure to ETS was considered as an 
alternative possibility. This suggestion was prompted' 
by the realization that although published data 1 on 
cotinine levels found in body fluids for active smokers 
show reasonable agreement, levels of cotinine 
reported for subjects exposed to ETS show considera¬ 
ble variation. Such differences might not be unex¬ 
pected when measuring the low levels of cotinine 
found in ETS exposure, given that the detection limits 
for existing analytical methods approximate these 
cotinine levels. 

To evaluate the between-laboratory variation in 
cotinine analyses, an international study was initi¬ 
ated by the Forschungsellschaft Rauchen and 
Gesundheit mBH in Hamburg (32). Eleven laborato¬ 
ries experienced in measuring nicotine and cotinine 
by RIA and/or GC participated. Serum and urine 
specimens from eight nonsmokers and eight smokers, 
and from two nonexposed nonsmokers spiked with 
nicotine and cotinine were distributed on dry ice to 
each laboratory. Results were returned and analyzed 
by method and by laboratory. Recoveries on both the 
urine and serum specimens spiked with cotinine cor¬ 
responding to levels found in smokers ranged from 79 
to 119%, with the exception of one laboratory with'a 
20% recovery (the data from this laboratory were 
excluded from further analysis)] The interlaboratory 
coefficient of variation on these same samples was 
excellent (9-13%). The coefficient of variation on 
samples from smokers was fairly large, however, 
ranging from 18 to 45% for serum and 21 to 59% for 
urine. Further, cotinine levels reported for urine were 
about 60% higher tbantrom those using RIA as com¬ 
pared to GC, suggesting a possible: interfering sub¬ 
stance in the immunoassay system. Cotinine levels 
reported for nonsmokers were extr emely variable, 
and a number of laboratories could not detect cotinine 
in serum from exposed nonsmokers. In addition, 
cotinine values reported by some laboratories bore no 
relationship to estimated ETS exposure, or they were 
so high as to be unrealistic. In spite of tills variability, 
all laboratories were able to discriminate smokers 
from nonsmokers with 100% effectiveness. 
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Table 4. Mean or median concentrations of cotinine in nonsmokers before and after exposure to environmental tobacco 

smoke: 


Plasma cotinine, Saliva cotinine, Urine cotinine. 

Study reference_ng/mL_ng/mL_ ng/mL 



Before 

After 

Before 

After 

Before 

After 

(») 

0.82 

2.04 

0.73 

2.48 

1.55 

7.71 

(W 

1.1 

7.3 

1.5 

8.0 

4.8 

12.9 

(5) 

0:8 

1.8-2.5 

0.7 

2^-2.8 

1.5 

6.5-94 

(W 



0.4 

1.3-3.4 



(35) 

0.9-1.7 

2.0-3.3 

1.0-1.7 

1.4-2.5 

14 

21-55 

(36) 





8.5 

25.2 

(25) 






2.8-29.6 

(37) 



1.3-1.7 

2.4-5,6 




The cotinine results reported for ETS exposure 
should be viewed with caution, however. A number of 
the participants at this conference workshop, who 
also were in the study, indicated that the volumes 
provided were insufficient for repeat analysis using 
GC or an assay was used which had not been opti¬ 
mized for measuring passive levels of cotinine. A fur¬ 
ther limitation of the study was that recovery of 
spiked cotinine was only assessed for smoking levels. 
Finally, immunoassays based on monoclonal antibo¬ 
dies were not included, nor were HPLC methods 
evaluated! 

This interlaboratory study indicates the need for 
further information on the reliability of data pro¬ 
vided by laboratories for study subjects exposed to 
i£TS. A quality assurance program could provide such 
information, as well as an ongoing assessment of 
quality and a mechanism for improving performance. 

QA Recommendations 

Interlaboratory QA. The need for an 
interlaboratory quality assurance program was 
endorsed by most of the session participants, with 
some concern being expressed that the number of 
samples evaluated be kept to reasonable limits to 
minimize unnecessary assays. It was recommended 
that such a program should be administered by a Q A 
coordinator laboratory. The coordinating laboratory 
would be responsible for monitoring the performance 
of participating laboratories and for providing speci¬ 
fied samples as standards and/or controls: This labo¬ 
ratory should have in-house expertise or have access 
to laboratories having expertise in both immunoassay 
and high resolution gas chromatography/mass spec¬ 
trometry (HRGC-MS); 

Suggested objectives of the QA coordinator labora¬ 
tory include: 

• To provide an objective measure of the precision and 
accuracy of analytical methods used routinely by 
laboratories assay!ng cotinine. 

•To identify preferred method(s) for measuring 

cotinine. 

• To assess the reliability of results provided by dif¬ 
ferent laboratories. 


• To provide a mechanism for improving performance 

through knowledge of the performance of others. 

• To serve as a resource center for communication and 

exchange of information among participants. 

Recommended mechanisms for accomplishing the 
foregoing objectives are as follows: 

Interlaboratory Quality Assurance Studies: 
Quality Assurance Samples. The coordinator labo¬ 
ratory should periodically conduct a blind or check 
sample study consisting of authentic biological flluids 
(serum, urine, or saliva) with actual or spiked levels 
of cotinine. Samples should be selected to represent 
cotinine levels typical of those found in passive and 
active smoking. Authentic biological samples with 
actual levels of cotinine are strongly recommended 
because only they will contain' nicotine metabolites or 
other substances that may interfere in' assays. In 
addition, blank samples spiked with known levels of 
cotinine should be distributed' to evaluate recovery. 
Finally, samples with high levels of cotinine should be 
diluted with negative specimens to check for linearity. 
Samples should ideally have target values assigned by 
the QA coordinating laboratory through use of refer¬ 
ence methods. Data returned by participants would be 
analyzed and reports containing results and a critique 
distributed. 

Field Study Samples. The QC coordinating labo¬ 
ratory may assist organizations carrying out field 
studies in assessing the performance of the study lab¬ 
oratory on actual study subjects. The workshop con¬ 
sidered that this could be accomplished by submission 
at intervals of blind duplicates: duplicates of the same 
study subject submitted at intervals to assess precis 
sion; split samples: sample is split with one portion 
being sent for analysis to^the study laboratory and 
one portion to the QG coordinating laboratory for 
comparison purposes; blanks: samples that are con¬ 
sidered free of analyte to serve as a check on environ¬ 
mental contaminationi —— 

Ancillary Activities of the QA Coordinating 
Laboratory: Primary Reference Standard(s). A 
strong consensus was reached that a well-character¬ 
ized, pure, primary reference standard be made avail¬ 
able. This material should be aliquoted into 
quantities sufficient to allow any laboratory to use 
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the standard for assay calibration. Handling and 
storage information should also be provided along 
with suggested methods for preparing secondary 
standards. It was generally agreed that cotinine 
should be in the form of a salt, since cotinine freebase 
is hygroscopic and, therefore, likely to vary in compo¬ 
sition dependent on handling conditions. The perchlo¬ 
rate salt was suggested as one possibility (see 
chromatography group report). It was further recom- 
mended that the standard be supplied in solution to 
preclude errors due to dilution. The GC group made 
the suggestion that the National Institute of Stan¬ 
dards and Technology might be the appropriate 
agency to prepare such a standard: The QC coordinat¬ 
ing laboratory could then distribute the standardi 

Biological Reference Samples. The suggestion 
was made that, in addition to providing a primary 
reference standard, the QA coordinating laboratory 
make available authentic biological samples from 
actual smokers and subjects exposed to ETS. Cotinine 
concentrations would be established by the QA coor¬ 
dinating laboratory using a reference method(s) and 
declared on each reference sample. Such samples 
would be important because the cotinine would be 
present in the matrix (urine, serum, saliva) actually 
used by analysts, thus allowing evaluation of possible 
matrix interference. In addition, such specimens 
would contain nicotine, nicotine metabolites other 
than cotinine, and other substances which might 
interfere in the assay. 

The GC group also felt that blank samples, i.e., 
those essentially free of cotinine would be desirable. 
Suggested sources were bovine serum or human sam¬ 
ples with very low exposure to ETS. Pooled specimens 
might be necessary because obtaining sufficient vol¬ 
ume of biological reference samples could prove diffi¬ 
cult. Samples would therefore be provided in 
restricted quantities only to allow laboratories to 
periodically evaluate their own method. 

Reference Method. Workshop participants also 
discussed a reference method for establishing 
cotinine levels in biological samples. The consensus of 
the group was that GC/MS would be the ultimate 
reference method because of its extreme specificity. 
However, in the group discussion, the GC group 
pointed out that although the method is highly spe¬ 
cific, it ultimately is no better than the reliability of 
the extraction and evaporation methods chosen to 
prepare samples for analysis. A further concern was 
that differences in assigned values may result from 
differences attributable to the detection method 
(chemical ionization or electron impact): Conse¬ 
quently, it appears unlikely that a gold standard will 
be available and acceptance of a reference method 
will depend ultimately on judgment of its reliability. 
Representatives of the National Institute of Stan¬ 
dards and Technology indicated that their practice is 
tb evaluate a variety of independent methods, and if 
sufficient agreement is reached, a certified value is 


provided, albeit with the understanding that confi¬ 
dence limits are somewhat uncertain. In the absence 
of agreement between various methods, NIST pro¬ 
vides a consensus value(s) for informational purposes. 

In the event that GC/MS is adopted as a reference 
method, the implication for immunoassayists is that 
their performance would be judged against this stan¬ 
dard. Judging immunoassay results against GC/MS is 
not without precedent, since other immunoassays, 
such as those for steroids, are already compared to 
this method. 


Postscript 

A cotinine spiked, freeze-dried human urine refer¬ 
ence material is being prepared by the National Insti¬ 
tute of Standard^ and Technology (formerly the 
National Bureau of Standards). Three lots with dif¬ 
ferent cotinine concentration levels are being pre¬ 
pared: a) an unspiked blank level (< 1 ppb), 6) an 
approximately 50 ppb ltow level, andl c) an approxi¬ 
mately 500 ppb high level This material (EPA/NIST 
Reference Material 8444) is planned for issue dtiring 
the first quarter of 1989. The material may be ordered 
from: Office of Standard Reference Materials, Build¬ 
ing 222 Room B-311, National Institute of Standards 
and Technology, Gaithersburg, MD 20899: Telephone 
301-975-6776. Technical information may be obtained 
from Dr. Lane Sander, Organic Analytical Research 
Division, Center for Analytical Chemistry, NIST, 
Gaithersburg, MD 20899. Telephone 301-975-3117. 

A cotinine perchlorate salt reference material is 
also being planned for development by NIST. A date 
has not been determined, however, for release of this 
standard: 

The research described in this report has been reviewed by the 
Health Effects Research Laboratory, U.S: Environmental Protec¬ 
tion Agency, and approved for publication. Approval does not sig¬ 
nify that the contents necessarily reflect the views a/id policies of 
the Agency nor does mention of trade names or commercial prod¬ 
ucts constitute endorsement or recommendation for use. 
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Simulation and evaluation of nicotine 
intake during passive smoking: Cotinine 
measurements in body fluids of 
nonsmokers given intravenous infusions 
of nicotine 

Th« technique of monitoring eotinine cooceotratioro In body Soldi u a means of measuring nicotine 
.Jptakc during point smoking hs* been evaluated in two studies, both of which wed intravenous hftision 
to simulate nicotine intake. In the first study, nkodne and cotinine were given separately, for 1 boar in 
four different inert venom dotes (3.2,15.4,30.9, and 61.7 nmol/min) to each noosmokcr. In the second 
study, nicotine and cotinine were loAiwdfbr 4 hours; each subject received five different doses of nicotine 
(1.5, 31, 6.2,10.8, and 1S.4 nmol/min) and one of cotinine (10.8 nmol/min). The concentration of 
eotihine «s> constant in both plasma and saliva from 1 to 4 hours after the nieodne infaaioot the plateau 
kvcli of cotinine were found to be linearly and directly related to the nieodne Intake. The ratio of salivary 
to plasms cotinine was 1:1.27. A linear relationship was also found between nkodne and eotinine inftisko 
tates and the AUC values for cotinine. The frsedoo meobotized to cotinine was found to be about 0.6. 
The results from these studies show that: (1) there is a linear rcladonship between the plateau concentration 
of cotinine and the amount of nkodne infused over a period of 1 op to 4 hour*; (2) salivary cotinine 
provides die same information on nicotine Intake as does plasms cotinine; and (3) riagle measurements 
of either plasma or salivary cotinine concentrations at 1 to 4 boors after the exposure could be u*ed to 
predict the nicotine Intake during 1 to 4 hour* of environmental tobacco smoke exposure. (Cic* 
Phaamacol This 1990;47:42-9;) 

Margaret* Curvall, DSc, Eeva Kazcmi Vain, BSc, Curt R. EnzcS, DSc, and 
John Wahren, MD Stockholm, Svtden 


cotinine are therefore less-dependent on exact sampling 
times. Moreover, renal excretion of nicotine is Influ¬ 
enced by urinary pH, whereas that of cotbunc ia hardly 
affected. 

The estimation of nicotine exposure on the basis of 
cotinine levels in body fluids calls for knowledge of the 
dynamics of cotlnlM. Specifically, the fraction of nic¬ 
otine that is converted to cotinine in the body needs to 
be known, as well as the rates of cotinine elimina¬ 
tion. In addition, information is required about the 
quantitative relationship between nicotine intake and 
steady-state cotinine levels. Such data are available for 
nkodne and cotinine only for levels found in smokers .* 
oot for the lower concentrations in non smokers. We 
therefore undertook the present study. In which 
short-term exposure to environmental tobacco smoke 
was simulated by Infusing small amounta^f nketine 
intravenously for periods of 1 and 4 hours. Nicotine 
and cotinine concentrations were measured in plasma. 


i 

It'has been suggested that the extent to whkh non- 
smokers are exposed to environmental tobacco smoke 
can be estimated by measuring the concentrations of 
certain tobacco smoke constituents ia body fluids of 
nonsmokers.' Nicotine, which is specific to tobacco, 
and cotinine. a major metabolite of nicotine, have been 
used for this purpose. Cotinine is considered to be the 
better marker of nicotine exposure in both smokers and 
nonsmokeis’ because its biologic half-life in body fluids 
ia much longer than that of nicotine (approximately 13 
hours compared with 2 hours).’** The concentrations of 
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Ttblt 1. Subject characteristics and dotinf of nicotine and cotinine 
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txr) 

Body weight 
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Infinite* 
ll hr) 

Infusion 
(4 hr ) 
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saliva, and urine during and up to 4 houn after the 
termination of the infusions. 

SUBJECTS AND METHODS 

Two studies were performed, each comprising two 
sets of experiments. In study 1, nicotine and cotinine 
were administered separately by intravenous infusion 
at four different rates over a period of 1 hour. In study 
2, nicotine and cotinine were again administered sep¬ 
arately, but the infusion time was extended to 4 houn, 
and cotinine: was infused at one and nicotine at five 
different rates. 

Subjects 

The subjects were thirteen healthy nonsmoking vol¬ 
unteers (mean age, 50 yean; tints, 22 to 52 years) 
with an individual mean weight of 76 kg (range, 64 to 
90 kg). Within each series, the same six subjects 
participated in ail experiments (Table I). The time pe¬ 
riod between each experimental session for each subject 
was one week. The Infusions were well tolerated by all 
subjects and no side effects were observed. All subjects 
were informed of the purpose of the study and possible 
risks involved before giving their voluntary consent to 
participate. The study was reviewed and approved by 
the institutional ethics committee. 

Procedure 

Study /. Isotonic solutions of either nicotine or coti¬ 
nine were infused intravenously over 1 hour at a con¬ 
stant rate of 5.1. 15.41 50 9, or 61.7 nmol/min. In 
addition, saline solution was infused in a control study 
to determine baseline concentrations Of nicotine and 
cotinine. Blood samples were collected for 5 hours; 10 
minutes before and at the start of the infusion and then 


every 15 minute* for the rest of the study period. Urine 
was collected quantitatively for S houn at the following 
times: 10 minutes before and 1, 3. and 5 hours after 
initiating the infusion. 

Study 2. Isotonic solutions of nicotine were infused 
over 4 bouts, at s constant rate of 1.5,3.1.6;2. 10.8, 
or 15.4 nmol/min; and cotinine solutions were infused 
over 4 hours at a constant rate of 10.8 nmol/min. Blood 
and saliva samples were collected for 8 : hours, begin¬ 
ning at the start of the infusion—Wood was taken every 
30 minutes and saliva every hour. A urine (ample was 
collected at the start of the infosion, and urine was then 
collected and pooled for the rest of the study period: 

The solutions of nicotine and cotinine-—or saline in 
the control studies-—were infused through a catheter 
inserted into the forearm vein of one arm and Wood 
was sampled through a catheter introduced 1 into a'vein 
of the contralateral forearm. As soon as the Wood had 
been drawn. It was transferred to a Vaeutainer tube (4.5 
mi; Beet on Dickinson, Plymouth) containing a citrate 
solution (0.5 ml: 0.105 mol/L), and a few hours later 
the plasma was separated and transferred into a glass 
tube. Saliva samples (1 ml each) were gathered dunng 
2 minutes directly Into glass tubes. The volume and pH 
of the urine voids were measured and 20 ml aliqpocs 
were transferred toto glass tubes. The plasma, saliva, 
and urine samples were kept frozen. (-18? C) 1 until 
analyzed. 

METHODS 

The concentrations of nicotine and cotinine in 
plasma and urine were determined by the method of 
Curvall et al.’ To samples of plasma, sal iva, a nd mine 
(1 ml), appropriate amounts of the internal standards 
were sdded. A-methylan*b«sin« for nfoorine and N- 
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Table II. Pharmacokinetic parameter! of nicotine and cotinine after iirtrevenoui infusions of different doses of 
nicotine and corinine during 1 hour 






Dost vf nkatine tnmot • mirr *) 


Parameters 


solution 

3 / 

13.4 

30,8 

67.7 

Nicotine 

Cm. (ng • ml* 1 ) 


w— 

2 0 * 0.6 

1.6 z 0 4 

3.3 ± o r 

4.2 * 0.7 

Tm, (hr) 


— 

0.6 * 01 

0.9 ± 0.2 

0.7 * 0.2 

K0 * 0.1 

ADC»-, (itf • ml*’ 

•hr) 

3.7 z 0.6 

3.9 * 0.1 

4.9 s O S 

I S • 1.4 

9.7 s 1.3 

Ae (% of dose) 



9.9 ± 5.5 

4.6 =fc 3.0 . 

4.7 * U 

3.7 s 2.S 

Cotinine 

Cm. (ng - ml-) 


— 

0.7 * 0.2 

1.5 z 0.4 

3.0 * 0.7 

6.3 z 0 9 

Tm. (hr) i 


— 

3.4 ± 0.5 

3.1 * 0 6 

2 3 * 0.8 

3 3 z 0.4 

Cm fog - ml^) 


0.2 z 0 2 

0 4 * 0.1 

1.2 * 0.3 

2.9 ± 0.5 

5.5 * 0.9 

. AUC*., (ng • sal*' 

• hr) 

1.1 * 1.4 

1.6 ± 0.3 

5-1 * 1.2 

11.9* 1,9 

22.3 z 3.7 

Ac (% of dose) 


— 

7.3 * 2.6 

3.3 s 1.6 

2.5 * 0.1 

3.2 z 1.2 

F. 


D»U am mm i SO. 

Cmv Mauri: ? MV to* 10 corwcrftptoA; Cm. tvtn#t («VMoite; AlX. tm wt** *• wn w w r a t toKteM wr*r. A». wnv*«t lunw^ 

F*. fctetioft of akw** miUhoUw* ® eotmmt. 


eihylnorcotlnine for cotinine. The templet were ex¬ 
tracted with dichloromethene under basic condition* 
end the organic layer was separated and evaporated. 
Quantitative analysis was performed on a gas chro¬ 
matograph (Ytrien model 3700, Walnut Creek, Calif.), 
equipped with an all-glass capillary Injector, a fused 
silica capillary column (SP-1000, Orion Analytic*. 
Espo, Finland), and a thermionic specific detector 
(TSD, Variant. The plotting of the chromatograms and 
the integration of the peak heights and peak areas were 
carried out by a Hewlett-Packard Model 3388 A 
(Hewlett-Packard Company, Avondale, Pa.) or a Shi- 
matzu Model C-R3A (Tokyo, Japan) plotter/integrator. 
The sensitivity of this assay wjsO.l ng of nicotine and 
cotinine per milliliter of body fluid, with coefficients 
of variation of 11.6% end 12.9% for nicotine and co¬ 
tinine, respectively. at concentrations of l ng/mt. 

Calculations 

Standard statistical methods were used! using the 
paired / test when applicable. Data in the text, tables, 
and figures are given as mean values z SD. The max¬ 
imum plasma concentration (Can) and time to C w 
(Tan) were determined directly from the graphic plots. 
The mean plateau concentration of cotinine (Cu) was 
calculated over 1 to 4 hours after the infusion was 
terminated. The area under the plasma concentration- 
time curve (AUC) was determined by use of the trap¬ 
ezoidal'method. The fraction of nicotine convened to 
cotinine: (Fa) was estimated by division of the ADC 
values of cotinine obtained from the nicotine infusion 
by those from the corresponding cotinine infusion. 


RESULTS 

Study 1 

The mean plasma concentration-time profiles after 
Intravenous infusions of saline solution or 3.1. 15.4, 
30.9, or 61.7 nmol/tnin of nicotine over 1 hour are 
shown in fig. 1. The avenge values of the pharma¬ 
cokinetic parameters for nicotine and 1 cotinine. calcu¬ 
lated from the individual plasma con ce ntration-time 
curves obtained with intravenous infusions of nicotine 
and cotinine, respectively, are listed in Table U. 

The Cm, values for nicotine were reached 0:6 to I 
hour after the start of the infusion and did not correlate 
with the dote . The AUC values rose with the dose for. 
the three doses of 15.4. 30.9, and 61.7 nmol/mini but 
the increase was not proportions!. Neither was a cor¬ 
relation found between the dose and the urinary recov¬ 
ery of nicotine. The C«m. AUC, and Ae (amount ex¬ 
creted) values for the lowest dose (3.1 nmol/min) were 
influenced by the background values of nicotine in the 
body and were therefore not proportional to those ob¬ 
tained for the higher doses. 

The Cm, values of cotinine increased proportionally 
with the dose and were reached 2.3 to 34: hour*.after 
the Initiation of the nicotine infltision. As can be seen 
from the plasma cotinine concentration-time curves, a 
clear plateau level (C u ) was retched 1 1 so 4 hours after 
the influion wu terminated: A significant linear rela¬ 
tionship existed between the nicotine tafbsion rate and 
the mean plateau concentration of cotinine. as calcu¬ 
lated over that period of time. The mean regression 
tine, which was forced through zero,,was calculated as 
follows: —— 
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Dos* of cotinmt mmol • min 


3.1 

15 4 

30.8 

67.7 

1.3 * 0.5 

3.2 ± 0.7 

6.1 ± 1.2 

11.9 X 1,8 

1.3 s 0.5 

1.0 x 0.1 

1.1 x 0.2 

U 2 X 0:3 

0.8 ± 0.3 

2 3 ± 0.3 

4.4 X 1.2 

8.1 X 0.6 

4.3 s 1.5 

11 . 1 .*: 1.6 

22.1 x 5.3 

40.5 X 4,1 

10.1 ± 3.8 

6.3 x 1.9 

65 X 2.2 

5.8 = 1.3 

0.42 

0.43 

0.54 

0.55 


Cotinine concentration (nj /ml) - 

0.53 x Nicotine Infusion rate (ug/min) 

(r “ 0;97 , f < 0.001). The slopes of the individual 
regression lines ranged from 0.43 to 0.64, and the low- 
est individual correlation coefficient was 0.98. There 
was also a significant relationship between the AUG for 
the plasma concentration-time curvet and the nicotine 
dote (r ■ 0.99). About the same amount of cotinine 
as nicotine was excreted in the urine and it ranged from 
2.5% to 3.3% of the dose, except for the lowest dose, 
which was affected by background values of nicotine- 

The C... values after the labour cotinine infusion 
increased in proportion to the infusion rate and were 
reached 1 to 1.3 hours after the beginning of the in¬ 
fusion. Also the Cu and AUC values were significantly 
correlated with the cotinine inffcsion rate. The fraction 
of nicotine that was metabolized to cotinine ( F.) ringed 
from 0.42 to 0.55. Cotinine la partly excreted un¬ 
changed in urine and. in keeping with the results based 
on plasma concentrations, the percentage of urinary 
recovery was independent of the dose. 

Study 2 

The mean plasma cotinine concentration-time 
curves after the 4-hour intravenous Infusions of aline 
solution and 15. 3.1. 6.2. 10 8, or 15.4 nmol/min of 
nicotine are shown in Fig 2. The pharmacokinetic pa¬ 
rameters for nicotine and cotinine (C«. AUC. and FJ. 
as calculated from the plasma and aaliva concentration- 
time data, and the amount of nicotine and/or cotinine 
excreted In the urine, are listed in Table 111. 

The plasma nicotine concentration rose during the 
infusion, but no clear C«» values could be obtained 



Fig. 1. Study 1, Mean plasma cotinine concenspatiow-tiine 
curves obtained during and 4 hours after l hour of: Intra¬ 
venous infusions of saline solution (trlangltt). and nicotine 
at four different rates; 3:1 nmol/min (tlostd squares). 15.4 
nmol/min (elated circles). 30j9 nmol /mia (open circles). 
and 61.7 nmol/mla (oprn squaw). 


from the nicotine concentration-time curves. The sa¬ 
liva nicotine concentration, however, increased mark¬ 
edly during the infusion and reached Cm. 3 to 4 houn 
after initiation of the infusion. The Cm. values, in order 
of increasing dose, were 3.7, 6.0,11.5,16.8. and 2,llQ' 
ng/mU Both the plasma and uliva nicotine AUC values 
increased with the dose, but the increments were not 
directly proportional to the dose. The fraction of nic¬ 
otine excreted unchanged in the urine was 1.7% to3.2% 
of the dose, except for the lowest dose, for which the 
share was higher (6.6%) because of the background 


concentration of nicotine. 

A distinct plateau level of plasma cotinine was ob¬ 
served from 1 to 4 bouts after termination of the in- 
fUsion. A linear relationship existed between this pla¬ 
teau level and the nicotine dose. When forced through 
zero, the regression fine was as follows: 

Cotinine concentration (ag/ml) • . 

1.75 x Nicotine Infusion rate (iig/min) 
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Fig; 2. Study 2. Mtu plasma ootinint concentrarioo-time 
curvet obtained during and 4 hours after 4-hour intravenous 
infusion! of saline solution (closed rrlanjlv) and nicotine at 
five different rates; 1.5 nmol.'min (closed circles). 3.1 
nmol/min (cloud squares). 41 nmol/min (open mwylts), 
1D.S nmol/min (open circles) tad 15.4 amol/min (open 
squares). 

A 

(r - 0.98, p < 0.001). The slopes of the individual 
regression lines were within the range 1.30 to 1.97, 
and the smallest correlation coefficient was 0.98. The 
saliva cotiolne concentration-time curves also showed 
dear plateau levels from 1 to 4 hours after the infusion. 
The regression line for the relationship between the 
nicotine'dose and the saliva plateau concentration of 
eotinine was calculated as follows: 

Codnine concentration (ng/tnll “ 

2.26 x Nicotine iafusloo rate Oig/min) 

(r m 0.97, p < 0.001). The slopes of the individual 
regression lines ranged from 1.82 to 2.84, the smallest 
correlation coefficient being 0.96. The correlation be* 
tween, the salivary and plasma eotinine concentrations 
of samples collected 1 to 4 hours after the Infusion Is 
ahown In Fig. 3, A* can be seen from the slopes of the 



plasma cotinini conc. (ngmq 

Fig. 3. Study 2. Relationship between saliva 1 and plasma 
steady-state concentre:lost of codeine after intravenous in* 
fusions of five different doses of nicotine ever 4 hours 
(y “ 1.27a + 0.24; r “ 0.93), 


regression line, the ratio between salivary and plasma 
eotinine Is 1.27. The plasma eotinine ADC vaJiies were 
significantly correlated with the dose <f • 0 97). The 
quotients of the saliva and plasma Ab’C values were 
1.19k 1.39, end 1.37 for the three doses.6:2. 10:8, and 
13;4 nmol/min. The saliva ADC values for the lowest 
doses were excluded because of an insufficient number 
of sample*. The amount of eotinine excreted ranged 
from 2.2% to 3.6% of the nicotine dose, except for the 
lowest dose. 

Both the plasma end the saliva eotinine concentra¬ 
tions increased during the infusion of 10.8 nmol /min 
of eotinine over 4 bouts; the average plasma C«» value 
(5.4 ng/mi) and the average saliva C**, value (7.3 
ng/tnl) were reached 43 and 4.0 hours, respectively, 
after initiation of the Infusion. The s aliva so plasma 
eotinine ADC ratio was 1.30, which is in good agree- 
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Dost of olituine (nmol ■ min' 


t>osr of 
cotinine 
(nmol • min ") 


Paramettn 

Mint 

solution 

IS 

3.1 

6.2 

10.8 

JSJ 

10.6 

Nicotine 








Pits mi ADC*-* 

4.5 2: 0 9 

4.9 ft 0.3 

3.1 ft 1.3 

7.1 ft 1.7 

10.3 ft 13 

11.6 z 2.8 


(ng • ml* 1 - hr) 
Saliva AUC*-. 


17.4 ft 3.4 

33.2 ± 15.3 

42.7 s 10.7 

66.1 ft 26 5 

93.8 ft 10.2 


(og • ml*' • hr) 
Ae (% of dose) 


6 6 * 4.2 

3.2 ft 1.2 

1.7 ft 0.1 

2.6 ft 11 

3.1 s 3.0 


Cotinine 








Plasma C* 

0.2 ft 0.2 

0.6 ft 0.2 

1.2 ft 0.3 

2.1 ft 0.3 

3.4 ft 0.3 

A. 

II 

© 

U 

w 

II 

p 

<* 

(«g- ml*') 







Saliva C u 

0.3 ft 0.1 

1.0 s 0.4 

1.1 ft 0.6 

2.9 ft 0.4 

4.4 ft 0.5 

6.2 ft 0.6 

5.1 = 0.8 

(ng • ml*’). 
Plasma AUC*- 

1.4 a 1.1 

3.7 ft 1.0 

6.9 ft IS 

12.4 ft 1.6 

11.3 ± 2.8 

25.2 ft 3.0 

29.4 ft 3.0 

(ng • ml*' • hr) 
Saliva AUC^- 




17.3 ft 3.1 

23.5 * 3;3 

34.6 s 3.1 

38 3 ft 3.0 

(ng • ml*' • hr) 
Ae (% of dose) 


6.1 ± 14 

3.6 ft 1.6 

3.6 ft O S 

2.1 ft 0.5 

2.5 ft 06 

3.8 ft 1.3 

F. 
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mem with the results from the corresponding infusion 
of nicotine. Only 4% of the cotinine dote was excreted 
unchanted in die urine during the infusion and the fol¬ 
lowing 4 hour*. The fraction of nicotine metabolized 
to cotinine (F.) was 0.62. 

DISCUSSION 

Nicotine and cotinine concentrations in body fluids 
have been widely used to estimate the intake of nicotine 
during smoking or exposure to environmental tobacco 
smoke. Because nicotine has a short half-life in body 
fluids (2 hours).’ its concentration In blood is sensitive 
to the time of blood sampling. Cotinine, however, has 
an elimination half-life of about 15 hours* and it there¬ 
fore more useful as a marker of nicotine intake. How- 
even the estimation of niconne Intake from cotinine 
concentrations in body fluids Is valid only if the me¬ 
tabolism of nicotine and the subsequent elimination of 
cotinine are independent of the dose. The pharmaco¬ 
kinetic! of nicotine and cotinine have been evaluated 
bi smokers and notumokers at concentrations usually 
achieved 1 by smokers, and little is known about die 
kinetics of these compounds at concentrations found in 
nontmokert exposed to environmental tobacco smoke 
nicotine. Caleazzl et el. 4 documented a linear relation* 
ship between tht nicotine intake and the steady-state 


plasma concentrations of cotinine when nicotine was 
given intravenously at intervals over 4 days to simulate 
the intake by smokers. The suitability of cotinine as a 
marker of environmental tobacco smoke nicotine ex¬ 
posure has only been evaluated in field studies; no data 
are available on the relationship between low-dose nic¬ 
otine intake and cotinine concentrations in nonsmokers. 

In the present investigation, nicotine was inftued 
over 1 and 4 hours, respectively, to simulate die nicotine 
intake of passive smokers. The nicotine infusion rates 
were designed to simulate the absorption .rates of nic¬ 
otine during environmental tobacco smoke exposure 
and the resulting cotinine concentrations were similar 
to or higher than those obtained by nonsmokers in in¬ 
door public places;* Studies of nicotine and cotinine 
kinetics in body fluids of nonsmokers require access to 
rapid and sensitive analytic methods. As can be seen 
in Figs. 1 and 2, which show the cotiftihe concentrations 
obtained after infusions of different doses of nicotine 
over 1 and 4 hours, respectively, the Interindividual 
differences in the pharmacokinetics of cotinine were 
small in this group of oonsmokers. The linear relation¬ 
ship between the AL/C values of cotinine and (he dif¬ 
ferent infusion doses of nicotine and cotiw'ne abow that 
both the metabolism of nicotine to cotinine and (he 
elimination of cotinine are dose-independent. These 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnxOOOO 
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findings are in food agreement with results obtained 
after admiiustratkmof cotinine to nonsmoken at doses 
usually achieved by smokers.' * The fraction of nicotine 
that was metabolized to cotinine was about O S, which 
is somewhat lower than the fraction previously reported 
for smokers. w This discrepancy it caused either by dif¬ 
ferences in the metabolism of nicotine to cotinine be¬ 
tween smokers and nonsmoken or by differences Ih the 
experimental setup. 

A clear plateau level of cotinine wu obtained from 
t up: to 4 hours after termination of the infusion. In 
accordance with the dose-independent kinetics of coti¬ 
nine, the amount of nicotine infused over 1 and 4 hours 
was directly proportional to the average plateau con¬ 
centration of cotinine. The regression line: 

Cotinine concentration (eg/mil =0.5 x 

Nicotine Infusion rate Osg/min) x absorption time (hr) 

can be used as a standard curve for estimating the av¬ 
enge nicotine intake at environmental tobacco smoke 
exposure levels over periods l up to 4 hours. Environ¬ 
mental tobacco smoke exposure studies of large pop¬ 
ulations in reai-llfe situations require invasive sampling 
methods. In study 2, both plasma and unstimulated 
saliva samples were collected and it was found that the 
salivary cotinine concentration alto reached a plateau 
level 1 to 4 hours after completion of the infusion. The 
nicotine dose correlated significantly both with the sal¬ 
ivary cotinine AUC values and with the cotinine con- 
centrations at steady state. A significant relationship 
was also observed' between the salivary and plasma 
cotinine concentrations (r * 0i97), the regression co¬ 
efficient being 1.27. which is in accordance with find¬ 
ings obtained for smokers." It can thus be concluded 
that salivary cotinine is a good biochemical marker for 
nicotine and provides the same information oc nicotine 
intake as does plasma cotinine. 

The urinary cotinine concentrations obtained after the 
1-hour Infusion of nicotine did not reach a plateau level 
within 5 hours. Individual urinary excretions of cotinine 
did not correlate with the dose, but the average cotinine 
concentrations obtained 2 and 4 hours after completion 
of the l-hour infusion did and to did the average total 
amount excreted during and after the infusion. Alio the 
average total I amount excreted during and after the 4- 
hour infusion correlated with the dose. Accordingly, 
because of interindividual differences in eotinine ex¬ 
cretion, estimation of nicotine intake after environ¬ 
mental tobacco smoke exposure has to include several 
subjects and the total urine volume up to 4 hour* after 
the nicotine intake has to be collected in a group of 
subjects. 


In conclusion, these studies show that the metabolism 
of nicotine to eotinine and the elimination of cotinine 
are not dose-dependent at the tow doses of nicotine to 
which nonsmokers are exposed by environmental: to¬ 
bacco smoke. Both plasma and salivary cotinine levels 
are useful ihdividual biochemical markers for nicotine 
intake at dose* similar to those obtained in indoor public 
pieces, individual urinary cotinine concentrations, 
however, could not be used for the estimation of nic¬ 
otine intake in nonsmoken. Moreover, the use of uri¬ 
nary cotinine requires exact sampling times or collec¬ 
tion of the whole urine voidl Plateau concentrations of 
plasms and salivary cotinine were leached ] to 4 hours 
after the administration of nicotine and were found to 
be directly proportional to (he nicotine infbsed ever 1 
to 4 hours. By use of the equation: 

CCtinine concentration (ftg/ml) =0.3 (x K3) x 

Nicotine infusionrate (pg/nun) x absorption , time (hr) 

the average intake of nicotine during environmental 
tobacco smoka exposure could be calculated from a 
tingle plasms (saliva) cotinine determination. 
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A Comparison of Plasma and Urinary Nicotine 
and Cotinine Levels in Smokers and Nonsmokers: 

Nicotine Excretion Pathways Are Possibly Differential According 
to the Dosage of Tobacco Smoke Uptake 

S; Itani; E. Higashi, and Y. Shimizu \ 


Summary 

Nicotine and cotinine levels in plasma (pnic, pcot) and urine (unic, ucot) sampled at a 
steady state were studied in 83 smokers and 90 nonsmokcrs. 

Although there was considerable interindividual variability in measured levels for any 
given self-reported number of cigarettes smoked per day (CPD), some regularity was 
discovered among these four levels in relation to CPD. 

Average pnic and pcot increased in proportion to CPD up to 15 CPD and more than 
50 CPD, but from 20 to 40 CPD, a discrepancy involving more pcot and less pnic was 
discovered. Average unic rose more rapidly than average ucot up to 15 CPD, but at above 
20 CPD, ucot increased more predominantly than unic. In nonsmokers, these four levels 
were, if detectable at all, extremely low, particularly as concerns cotinine. 

The results indicate that the nicotine excretion mechanism may be differential 
according to the recent uptaken nicotine dosage. In most nonsmokers, the main pathway 
for nicotine excretion is the nicotine to nicotine route (NNR). The nicotine to cotinine 
route (NCR) may act as a backup. Light smokers may acquire the ability to convert a 
greater amou nt of nicotine to cotinine in proportion to CPD, with both pathways equally 
available. 

Predominant production and excretion of cotinine is suggested for smokers who 
smoke more than 20 CPD, with the main route replaced by NCR. In extremely heavy 
smokers who smoke more than 50 CPD, it is suggested that the transaction limits of the 
nicotine to cotinine conversion system are exceeded and that both pathways are at 
maximum availability. 

As concerns the indicator of ETS exposure for nonsmokers, all fourlfevels are not 
always completely measurable. It is suggested that pnic is the most sensitive, but all four 
markers are equally necessary to estimate the low dosage of tobacco smoke uptake. 


Introduction 

Our previous statistical comparison of the levels of plasma nicotine (pnic), cotinine (pcot) 
and thiocyanate, urinary creatinine ratios of nicotine (unic), cotinine (ucot) and 
thiocyanate as well as COHb and expired carbon monoxide in a cross-sectional study N 

reveakd that these tobacco smoke uptake parameters (TSUPs) weie more significantly O 

elevated in the smokers than in the nonsmokers. The results suggested that pcot and ucot to 

are the most suitable parameters for discrimination of smokers from nonsmokers 115]. CO 

Recently, urinary cotinine determination has frequently been used as an excellent Co 

TSUP in the study of ETS effects. Significantly elevated ucot levels have been pointed out 00 

for nonsmokers living with smokers as compared with those for nonsmokers living with ^ 
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nonsmokers* particularly when determination is made with the radioimmuno assay 
(RIA) method [14,20]. In our study population * however, only 2% of the 90 nonsmokers 
j showed detectable amount of ucot by gas chromatographic (GC) method. This is 

j| extremely low in frequency compared with the previous reports* 

] | In order to increase the sensitivity and accuracy of the measurement of ETS effect, we 

have undertaken to reevaluate the determined levels of nicotine related parameters (i.e., 
jl pnic, unic, pcot and ucot) in smokers and nonsmokers* Nicotine and its major 

! metabolite-cotinine are considered to be derived from tobacco only [4]. The determined 

i levels of these markers in blood and urine on the same occasion may reflect a dynamic 

|| state of nicotine metabolism within the body at the time. 

•j Accordingly, possible nicotine excretion pathways as well as the significance of in vivo 

11 nicotine to cotinine conversion in relation to daily cigarette consumption are also 

l! discussed! 


Materials and Methods 
Subjects 

Eighty-three smokers aged 23 to 61 and 90 healthy nonsmokersaged 27 to 55 in natural 
condition were considered in the study. Most were office workers leading ordinary social 
lives* No particular attention was paid to the grade of ETS exposure to nonsmokers. 


Analytical Methods 

In most cases, random spot blood and urine samples were taken at almost the same time 
in the early afternoon. Smoking was prohibited for three hours before sampling. These 
plasma and urine samples (only cases with acidic urine samples were made available in 
the study) were stored at -2D°C until analysis* 

Nicotine and cotinine levels were determined by a modified FTD-GC method as 
previously described [8, 9, 15]. Urinary levels of these components were expressed by 
creatinine ratios. 


Evaluation of the Four Parameters in Relation to the Number 
of Cigarettes Consumed Per Day 

Eighty-three smokers were divided into seven groups according to the self-reported 
number of cigarettes smoked per day (CPD) as follows: 1 to 9 (5 CPD), 10 (10 CPD), 
11 to 19 (15 CPD), 20 (20 CPD), 30 (30 CPD), 40 (40 CPD) and more than 50 CPD 
(50 CPD). 

In order to estimate the relationship of the four parameters to CPD, the four 
individual levels were compared in a graphic pattern analysis. The four levels determined 
for each subject were plotted on the respective axes of XY orthogonal co-ordinates and 
connected with four lines to form a tetragon-figure, i.e., individual components on the 
upper, left, right and lower axes represent the levels determined for pnic, unic, pcot and 
ucot, respectively. Pattern analysis was performed taking notice of size and deviation in i 
the form of the tetragon. Prominent deviations in the upward, left; right and downward! 
direction are expressed by the letters N, n, C and c, respectively. For nonsmokers, all the 
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detectable components, if any, are described by the corresponding primed letters N\ n', 
C' and c\ and no detectable one is expressed by the letter o. 

Average nicotine to cotinine ratios in plasma and urine were alio compared among 
smoker-groups in order to detect whether or not a tendency exists in comparative 
changes of nicotine and cotinine levels. 


Results 

Graphs of individual levels of alt four markers of (a) 21 1 light smokers (£ 10 CPD) and (b) 
eight heavy smokers (= 20 CPD) are shown in Fig. la,b, respectively. 

It is clear that there was a high variability among the levels determined for different 
individuals who smoked almost the same number of cigarettes even for light smokers. 
However, marked differences between these two figures are as follows: Light smokers (a) 
showed a tendency to show higher levels of pnic with lbwer levels in u cot. Heavy smokers 
(b), by contrasty generally showed a tendency to hBve loweT levels of pnic and unic with 
higher levels of ucot. Thus, most of them could be classified into several patterns based on 
the size and deviated form of the tetragon using the letters defined above. 

Distribution ranges, averages and results of pattern analysis of the levels of the four 
markers determined in individual smoker-groups and in nonsmokers are summarized in 
Tahiti. 


Characteristics of Tetragons Formed by the Four Average Levels 
in Individual Smoker-groups 

The four average levels in each smoker-group are shown in Fig. 2. The area between the 
axes of pnic and unic is considered as the nicotine-related plane, while the area between 
the axes of pcot and ucot is defined as the cotinine-related plkne. 

The smallest tetragon Ikbelkd 5 CPD in the nicotine-related plane is that for 5 CPD. It 
indicates higher pnic and unic levels but lower pcot and ucot levels. The 10 CPD tetragon 
shows a high level of pnic and a low level of ucot. This tendency is found imore markedly 
in the 15 CPD tetragon. Even higher level i of pnic and unic as well as of pcot are noticed; 
but the level of ucot remains low. The 20 CPD tetragon, labeled in the cotinine-related 
plane, is quite different from the previous tetragons. This tetragon is characterized by 
considerably lbwer levels of pnic and unic with predominantly higher level of ucot 
compared with the 10 and 15 CPD tetragons, as shown in Fig. 1(b). 

One of the characteristics of the 30 and 40 CPD tetragons which follow 20 CPD 
tetragon appears to be another increase in unic level in addition to that of the 20 CPD 
tetragon. The pnic level remains relatively low, however. The 50 CPD tetragon is also 
quite different, characterized by extremely high levels of all the components. 


Relationship of A verage Plasma and Urinary Nicotine and Cotinine Levels 
to Daily Cigarette Consumption 

As shown in Fig. 3 (a), pcot levels seem to have a roughly positive correlation to CPD. 

Contrary to our expectations, however, pnic levels appear to have no positive 
correlation to CPD. The level of pnic was observed to peak first at 15 CPD* then fall 
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Tabic I. Distribution ranges, averages and patterns of plasma and urinary nicotine and cotininc levels in smoker-groups by CPD and in nonsmoker-group 



No. of 
subjects 


Range (Average) 


Nonsmokers 90 


* No measurable amount discovered. 


pnic ng/ml 

unic pg/g 

pcot ng/ml 

0- 7.4 (3.0) 
3.4-20.0(11.1) 

0-1,280(254.5) 
102-1,784 (422.4) 

0- 31 (7.0) 
6-234 (93.3) 

4.0-22.4(15.0) 

71-4,128(961.3) 

37-392 (208.0) 

2.3-19.0 (8.6) 

108-1,917(409.0) 

42-392 (190.0) 

2.5-21.4 (9.6) 

90-1,860 (843.6) 

111-720 (235.9) 

0.6-21.4 (6.4) 

49^3,600 (872.6) 

65-635 (239.2) 

5.9-37.0 (21.1) 

0- 8.6 

137-5,603(1,866.0) 

0- 120 

310-557 (375.0) 

0- 6 


ucol pg/g 

0- 375(144.5) 
134- 771 (428.7) 

140-1,068(513.1) 
266-4,771 (1,459.0) 
818-2,300(1,572.1) 

228-3,617(1,569.2) 

I,145t5,I82 (2,812.2) 
0- 28 


Patterns 


o* (2), N (I), nC (3) 

N (1), n (4), Nn (I) 

NC (I), Nc (1), nC (2) 
nc (I), NnC (3), NnCc(l) 

n (I), Nn (I), Nc (3) 

Cc (1), NnC (I), Nnc (1) 

n (I), e (1), Cc (2) 

NCc (2). nCc (2) 

N (2), Nc (I), Nnc (I) 
nC (3), Cc (I), e (2) 
NnCe(l) 

Nn (I), NCc (2), nc (3) 
nCc (3), Cc (I), c (II) 
NnCc (2) 

NCc (2), nCc (I), NnCc (9) 

o* (75), N' (4), n' (I) 

N'n' (2), N’C(6), 

N'n’C'c' (2) 
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Fig. 2. Graph of average pnic, unie, pcot and ucot levels in smoker-groups divided by CPD. 
Compare the characteristic size and deviated form of each tetragon among inter-smoker-groups 


rapidly at 20 CPD. This was followed by a gradual decrease up to 40 CPD, then a rapid 
increase at 50 CPD. 

Pnie to pcot ratios in individual smoker-groups up to 40 CPD indicate a somewhat 
inverse correlation to CPD. In addition, significant differences in pnic/pcot ratios were 
found between 10 and 20 (p <0.05); 10 and 30 (p < Dj 05); and 10 and 40 CPD (p < 0.001), 
respectively. These results indicate that pnic and pcot levels increase in proportion to the 
daily cigarette consumption up to 15 CPD and more than 50 CPD; but in the 
intermediate region from 20 to 40 CPD, a discrepancy of more cotinine but less nicotine 
in plasma is found. 

These relations in urinary components are shown in Fig. 3 (b). The ucot levels 
increased in proportion Id the increasein CPD;but rapid stepped rises were discovered at 
20 and 50 CPD. As for unic levels, an initial peak and trough were found al l5 and 20 
CPD* respectively. Unlike pnic levels, however, unic levels increased gradually from 
there up to 40 CPD. This was followed by a final marked increase at 50 CPD. 

Unic to ucot ratios in individual smoker-groups were somewhat discrepant from 
those in plasma. An initial marked peak and trough were observed at 15 and 20 CPD, 
respectively. Then a gradual increase occurred. Significant differences in unit/ucot ratios 
were found between 10 and 20 (p<0.01); 10 and 30 (p < 0.05); 10 and 40 (p< 0.001); and 
15 and 20 CPD (p < 0.01), respectively. 

These results indicate that nicotine levels in urine rise more rapidly than cotinine 
levels up to 15 CPD* but that at above 20 CPD, the increase in cotinine levels is more 
predominant than that in nicotine levels. 
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CPD 

Fig, 3 a,b. Relationship of (a) average pnic, pcot and pnic/pcot levels to CPD and of (b) unic, uoot 
and unic/ucot levels to CPD. Individual level! indicated by the number in parentheses indicate the 
estimated values for the corresponding CPD 


Plasma and Urinary Nicotine and Cotinint Levels in Nonsmokers (Table 1, Fig. 4) 

Out of 90 nonsmokers, at least one of the four parameters could be detected positively in 
25 cases (28%). Unlike those for smokers, the amounts were extremely low for 
nonsmokers with detectable levels of these parameters, particularly as concerns cotinine 
levels, and all four levels were not always completely measurable. Detectable ucot levels 
could be measured in only two cases (2.3%). 
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Fig; 4 . Graph of pnic, unic, pcot and ucot levels in nonsmokers (n = 90); The outer tetragon 
represents the averages of these levels in 5 CPD smokers as shown in Fig. 2 


Discussion 


The nicotine excretion pathways following cigarette smoke inhalation may be considered 
to be as follbws. A large portion of nicotine absorbed will finally be excreted into the 
urine in unchanged form through the nicotine to nicotine route (NNR) or is excreted in a 
converted form such as cotinine through the nicotine to cotinine route (NCR) [20], 
Cotinine, the primary metabolite of nicotine, is formed in the liver in a two-step process 
[[7,17]. It has been recognized that at a steady state, as in the early afternoon, the rate of 
metabolite excretion reflects the rate at which the metabolites are generated [4]. 

Our findings (Fig. 5) that these four levels increased in proportion to the increase in 
CPD up to 15 CPD and that unic level rose more rapidly than ucot level indicate that 
NNR is the main route but that NCR is alio made available in light smokers (1 ~ 15 
CPD). Similarly, in smokers who smoked 20 to 40 CPD; the findings indicate that the 
main route is replaced by NCR. In smokers who smoked more than 50 CPD, both 
pathways are suggested to be fully used in order to excrete the rather large amount of 
uptaken nicotine. 

Our findings that cotinine levels were extremely low or absent as compared with 
nicotine levels in the nonsmokers in whom any of these markers could be detected 
indicate that NNR is the main route in nonsmokers. This may be supported by an eariy 
finding of Beckett and Triggs f 1] who observed that the excretion of nicotine was greater 
in nonsmokers than in smokers. 
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Fig, 5. A tentative schema of nicotine to nicotine (NNR) and nicotine to cotinine (NCR) pathways 
in relation to CPD based on the present finding*; In most nonsmokers, NNR and NCR may be the 
main and salvage pathways, respectively. Switching of the main pathway from NNR to NCR may 
be differential in roost smokers according to the usual nicotine dosage from tobacco smoke uptake 


A time course study on the rise and decline of these four Ifcvels after smoking a single 
cigarette by current nonsmokers is in progress. The preliminary findings show an initial 
plasma nicotine peak not so inferior to the smoker's peak level at 5 min and of a sudden 
fall at 15 min followed by a gradual decline until 48 h and a rapid predominant increase in 
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urinary nicotine level from immediately after smoking to 60 min with a transient 
appearance of cotinine in plasma and urine. This also supports the theory that NNR is the 
main route in nonsmokers. 

It has been discovered that chronic nicotine administration to rats or mice does not 
increase the rate of nicotine metabolism [6] f but that among humans, the nicotine 
metabolism is faster in smokers than in nonsmokers [2,12^ 118* 19). This evidence may be 
in agreement with our present findings. The induction of hepatic microsomal enzymes as 
explanation, however, is equivocal since reports of inhibition as well as induction have 
been made occurred [2,12,18). 

Our present explanation of the switching from the main pathway from NNR to NCR as a 
result of an increase in CPD may be coincident with these literature findings for the 
following reasons. 

1. Most smokers, who may regulate nicotine intake by modifying puff and inhalation 
patterns [5], may acquire an ability to convert a greater amount of nicotine to cotinine 
rapidly , possibly due to the induction in increasing activity of cytoghrome P 450 in the 
liver [7, 16, 17, 18] in proportion to CPD up to about 40 CPD. The levels of the 
markers in most of the 50 £ CPD smokers suggest that this enzyme system has a 
limited capability, and is not able to treat excess nicotine in a short duration. Rapid 
cotinine formation in smokers may be a defence mechanism in a sense, since cotinine 
is much less toxic than nicotine in rats [13], and probably in humans as well. High 
plksma nicotine with the inhibition of cotinine formation as seen in most 50 CPD 
smokers may be a sign of "true* nicotine toxicity. 

2. Interindividual variability at any given CPD as shown in Fig. 1 may result partly from 
individual differences in enzyme activity. The conversion rate and amount of nicotine 
to cotinine is suggested to be highly dependent, however, on the recent uptaken 
quantity of tobacco smoke. 

Out of 90 nonsmokers in a natural condition, positive kvels of at least one parameter 
were found out in 28 %. The pnic level seems to be the most sensitive indicator of exposure 
to other people’s smoke, and ucot may be a rather insensitive marker in determination of 
such low levels of the alkaloid as found in nonsmokers. 

These findings, however, seem to be contraversial to recent literature in which greater 
ucot levels in many more nonsmokers have been reported [10,11,14, 20)i although the 
study populations and methods employed (RIA) were different from ours. 

This discrepancy may partly be due to difference in detection methods. The recent 
international interlaboratory study on nicotine and cotinine determination has revealed 
that GC derived values showed reasonable agreement but that cotinine determinations in 
urine by RIA are less precise than those in serum. It also showed that RIA values were 
higher than GC values in urine samples and that relative variability is extremely high for 
both of GC and RIA is samples from nonsmokers [3]. 

As for the indicator of ETS uptake in nonsmokers, all four level* are not always 
completely measurable. This may be one of the characteristics of ETS effect on 
nonsmokers, probably a result of the use of NNR as the main pathway. This indicates 
that not only cotinine levels in blood and urine but also nicotine levels in blbod and urine 
are equally important in dosage estimates for tobacco smoke uptake. 
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TITRATING EXPOSURE TO TOBACCO SMOKE USING 
COTININE—A MINEFIELD OF MISUNDERSTANDINGS 
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DEFINITION OF THE PROBLEM 

Whilst epidemiologists disagree about many 
things, there seems to be universal approval 
fbr the notion that objective measurement or 
tobacco smoke exposure is considerably more 
desirable than more self-reporting of smoking 
habits. As with all dogmata, caveats abound, 
one of the most practical of which is that 
without sacrificing reliability, the field test 
should be both simple and cheap. For reliability 
to be conserved, the ideal test would distinguish 
between true non-smokers, non-smokers ex¬ 
posed to environmental tobacco smoke (passive 
smokers) i and smokers; maybe even between 
different smoking habits and consumption rates. 
Thus the test would have absolute sensitivity 
and specificity. It has become quite clear over 
the last two decades that, as various candidate 
tests have been introduced, the panacea would 
not be found. Pretenders to the crown, such as 
expired: carbon monoxide, percent carboxy- 
hemoglobin and thiocyanate concentration in 
various body fluids, have failed to accede 
because of the ambiguities of incomplete sensi¬ 
tivity and:specificity. Contemporary laboratory 
technology has answered the clarion call by 
developing such methodology as capillary gas 
chromatography-mass spectrometry of 4 - 
aminobiphenyl-hemoglobin adducts [1], gas 
chromotography-thermal energy analyzer de¬ 
tection of urinary Af-nitrosamino acids (2J or 
“P-postlabeling tests for smoking-related DNA 
adducts [3]. Whilst such analyses embody 
contemporary methodology coupled with great 


precision, by their very nature, they fall outside 
the scope of typical clinical epidemiologic 
survey which simply wishes to relate a measure 
of tobacco smoke exposure to health issues. 
It seems that rather by default; salivary and 
urinary cotinine determinations have evolved as 
the current touchstones of tobacco exposure. 
Apart from its simple determination, and the 
availability of a rapid result at low cost, there is 
the added appeal that cotinine, as a relatively 
long-lived metabolite of nicotine, can be 
detected in the aforesaid fluids long after 
the “culprit” nicotine has dwindled to meagre 
levels. 

Because the greatest body of experience to 
date with cotinine surrounds epidemiologic 
enthusiasts, often with scanty training in dhig 
metabolism and pharmacokinetics, the two 
disciplines which underpin the basis of the use 
of cotinine in this context, I believe that a 
critical review of the premises and procedures 
is required in an attempt to examine the mis¬ 
conceptions which can lead to overinterpre¬ 
tation in what is otherwise an exciting new field 
of biochemical epidemiology. 

My own dissatisfaction with indiscriminate 
use of cotinine as a dosimeter of tobacco smoke 
arises from the trade-ofT of knowledge for con¬ 
venience. Nicotine is a pyridine alkaloid, one of 
at least 10 identified in cigarette smoke [4] and- 
both the qualitative and quantitative distri¬ 
bution of this class of alkaloids amongst the 
flora; their metabolic interconversions in man, 
the issue of the concentration of cotinine in the 
saliva at the expense of plasma, together with 
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the extent of intersubject variability in human 
disposition of nicotine and its metabolites is 
both nebulous and poorly-understood. The 
complex of dynamic interactions which leads to 
a certain salivary or urinary concentration of 
cotinine at one point in time following exposure 
to a defined amount of airborne nicotine needs 
to be dissected. The purpose of this commentary 
is to demonstrate by such a dissection that single 
point cotinine concentrations can give no more 
than' a clue to a past exposure to pyridine 
alkaloids of unknown amount, at an unspecified 
time, by an unknown route of entry and from 
unknown origins. 

SOURCES OF NICOTINE AND 
COTININE 

One of the principal premises of the practice 
of cotinine biomonitoring is that nicotine, and 
hence cotinine, is a tobacco-specific alkaloid. 
Cotinine is variously described as “a particu¬ 
larly specific and sensitive marker of exposure to 
tobacco smoke” [5], **a useful and reliable indi¬ 
cator of nicotine intake" [6] and “a reliable 
indicator of tobacco smoke exposure" [7]. These 
statements deserve further comment in the 
light of the recent finding of nicotine both 
in Solanaceae plants which are consumed as 
vegetables in our diet and in instant tea prepara¬ 
tions [8]. Whilst nicotine, with the exception of 
carbon monoxide, is the most abundant single 
chemical in tobacco smoke, with an estimated 
yield of 1.0-2.3mg per cigarette [9], with a 
mean 1 nicotine intake per cigarette calculated as 
0.75-1.25 mg per cigarette [10], it can no longer 
be considered as tobacco-specific. Significant 
nicotine concentrations (mg/kg dry weight) have 
been found in tomatoes (1.5-3.2), potato peel 
(9.5-16.1), eggplants (1.9-3.0), green peppers 
(1.3-3.9), green tea (1.8-2.4) and two brands of 
instant tea (12.2-28.0). It is possible to calculate 
from these data that a person who consumed 10 
cups of tea in a day, ate food comprising 1 lb of 
tomatoes, aubergines or peppers and 1 lb of 
potatoes with their skins, might ingest nicotine 
equivalent to l<-2 cigarettes. The confounding 
effect, particularly in vegans and vegetarians, 
upon cotinine biomonitoring of environmental 
tobacco smoke exposure, might be considerable. 
It is hardly surprising that imported foodstuffs 
might contain high levels of nicotine, when 
nicotine is still widely used in the developing 
world as a cheap and effective insecticide. The 
data so far available though* suggest that 


nicotine is elaborated by the Solanaceae such as 
tomatoes, since it is found not only in the fruit, 
but also the leaf, stem and root [8J. 

Whilst tobacco smoke contains high: concen¬ 
trations of nicotine, it also contains cotinine 
(9-57 pg per cigarette) and nomicoline 
(27-88 (ig per cigarette) [4]; both of which are 
mammalian metabolites of nicotine. Because 
nomicotine can be methylated in the lung to 
give nicotine [11], cotinine triomonitoring will! 
reveal not only exposure to tobacco smoke and: 
dietary nicotine, but also to cotinine itself and: 
to nomicotine. Whether or not these latter 
two related alkaloids occur in vegetables or as 
degradation products of environmental nicotine 
insecticides is not known: 


HUMAN METABOLISM OF 
NICOTINE AND COTININE AND 
ITS INTERSUBJECT VARIABILITY 

It is generally assumed that cotinine arises 
from the metabolic oxidation of nicotine in 
human tissues by cytochrome P-450, although 
which discrete one of the myriad of P-450 
isozymes effects this reaction is unclear What is 
certain is that at any given time the concen¬ 
tration of cotinine in the plasma will depend 
upon not only the dose of nicotine ingested and 
inhaled, but is rate of conversion to cotinine„the 
rates of competing metabolic transformations 
to nomicotine and nicotine ^-oxides, the rate 
of onward metabolism of cotinine to its own 
metabolites, together with both the rates of 
excretion of nicotine and cotinine in the urine 
and any sequestration of the two compounds 
within other body compartments which occurs. 
All these complex interactions are then candi¬ 
dates for intersubject variability arising; from 
physiological, environmental, pathological and 
genetic differences which exist between all of us. 
What is so surprising, considering the perceived 
importance of nicotine, is that the balance of its 
metabolic transformations in man is not known: 
only a fraction of its metabolites have been 
identified. 

For many years cotinine was considered to be 
the principal metabolite of nicotine and indeed 
many authors refer to it as such [10,12-14]. 
However, recent studies point to irons-3'- 
hydroxycotinine as the major m etabol ite of 
nicotine [15]. Parviainen and Barlow [I6] 1 
have criticized! this interpretation of the 
chromatographic data and themselves refer to 
“metabolite 5" which behaves similarly to the 
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rraru-3'-hydroxycotinine of Neurath and Pein 
[15]. Further studies by these authors [17,18] 
seem to establish the pre-eminence of irons- 3'- 
hydroxycotinine amongst the known nicotine 
metabolites. Our own studies have shown that 
the N-oxides of nicotine are more abundant in 
the urine than cotinine after nicotine ingestion 
[19]. In 1 studies where sufficient raw data were 
given to assess the extent of variability in co¬ 
tinine levels under constant smoking conditions, 
the amount of intersubject variation observed is 
large. For example, the data cited by Neurath 
and Pein [15] for 9 subjects, who each smoked 
19 cigarettes (each 1.35 mg nicotine) per day for 
6 days, show that the plasma nicotine concen¬ 
trations varied from 7-44 ng/ml, the cotinine 
from 41-344 ng/ml and the irons-3'-hydroxy- 
cotinine from 24-160 ng/ml, giving 6-, 8- and 
7-fold variations respectively, with the greatest 
for cotinine. Similarly in the urinary studies 
of Cholerton et al [19], cotinine excretion 
displayed the highest coefficient of variation of 
any metabolite. Cytochrome P-450-mediated 
metabolic oxidations are frequently subject 
to genetic polymorphism [20,21] and as yet 
undefined! genetic polymorphism may underlie 
this observed variation. What can be said is that 
plasma > and urinary concentrations of cotinine 
do not reflect the dose of nicotine entering the 
body. 

DISPOSITION OF COTININE IN SALIVA 

In spite of the fact that a wide variety of drugs 
is subjected to therapeutic monitoring, for very 
few is this routinely done so in saliva instead of 
in plasma. It is only really for certain anti¬ 
convulsant drugs that the “non-invasive” 
salivary protocol! has become a reality. It is 
noteworthy that Danhof and Breimer [22], in 
their review of therapeutic drug monitoring in 
saliva, conclude “In single dose studies, many 
discrepancies in the saliva/plasma ratio have 
been described, especially during periods of 
drug absorption. It is probably not possible to 
conduct reliable pharmacokinetic and bio- 
pharmaceutical single dose studies based upon 
saliva data alone”. The subsequent decade has 
witnessed a gradual abandonment of the use 
of saliva in therapeutic drug monitoring. 
Nevertheless, salivary cotinine continues to be 
popular with the epidemiologists [23-25). 

Two characteristics of a drug determine its 
penetration into saliva, its ionization constant 
expressed as a pK, value and the fraction 


unbound to plasma proteins. In the case of 
nicotine, both nitrogen atoms are ionizable with 
pK,% of 8.02 and 3.12 [26]i meaning that 
nicotine is both mildly and weakly basic. 
Cotinine however has lost its mildly basic 
pyrrolidine nitrogen to become a lactam, 
leaving only the weakly basic pyridine nitrogen 
with a pK, of 4137 [27]. 

Unlike nicotine, which is too baric, cotinine, 
with a pK t of less than 5.5, is now able to freely 
enter saliva [28]. However, there is some con¬ 
tention that cotinine enters too freely, and! is 
somehow concentrated by the glandl giving; 
artificially high estimates of the plasma concen¬ 
tration [7j, although this has been die subject of 
a strong debate [29,30]. It is not unusual for 
drugs to be concentrated in saliva and this is one 
of the hallmarks of lithium which is actively 
transported into saliva to reach concentrations 
2.2-3 3 times higher than plasma [22]. Active 
transport has also been proposed for both 
phenytoin and penicillin [22]. Accordingly either 
single spot concentrations or pharmacokinetic: 
profiles of cotinine in saliva may over-represent 
the true disposition of the compound in plasma,, 
thus clouding interpretation of such data. 

ANALYTICAL DETERMINATION OF 
COTININE 

A constellation of individual methodologies. 
has been published. Many determine nicotine 
concentrations simultaneously. Many of the 
most sensitive, specific and reliable assays re¬ 
quire the participation of a mass spectrometer 
[12, 31,32] which is not available to most re¬ 
searchers. Gas chromatography using nitrogen- 
sensitive detection has also been employed 
[14,33]. The ubiquitous HPLC has been applied 
to the problem [13,16,34, 35], Probably the 
biggest advance has been the appearance of an 
enzyme-linked immunosorbant assay (ELISA) 
using a monoclonal antibody which recognizes 
cotinine [36). Although only minimal cross- 
reactivity with nicotine and nicotine metabolites 
occurs, until the discovery by Neurath and 
Pein [15] that irons-3’-hydroxycotinine was 
the principal metabolite of nicotine hitherto,, 
no assessment of cross-reactivity between the 
commonly-used anticotinine antibodies and 
irons-3'-hydroxycotinine was performed. In¬ 
deed this major metabolite cross-reactsbyabout 
30% with the polyclonal rabbit anticotinine 
antiserum commonly used to determine cotinine 
levels by ELISA [37], 
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USES AND ABUSES OF COTININE 

In situations where the cotinine concen¬ 
trations are massively elevated, such as in the 
urine, blood and saliva of active smokers, 
cotinine determinations should in principle 
serve a useful purpose in verifying self-reported 
smokers and non-smokers. The experiences of 
Jarvis et at. [24] are salutary in this regard. 
These investigators studied 215 outpatients 
attending cardiology and peripheral vascular 
clinics where a reasonably high proportion of 
cigarette smokers were anticipated. Accurate 
self-reporting of smoking status was encouraged 
by guaranteeing confidentiality and anonymity 
of responses. Eleven different biomarkers of 
smoking were determined on each subject in¬ 
cluding expired carbon monoxide and %COHb; 
plasma, saliva and urine thiocyanate, nicotine 
and cotinine. Plasma cotinine gave the best 
discrimination between self-reported smokers 
and non-smokers, but nevertheless 21 self- 
reported non-smokers had plasma cotinine 
levels similar to the smokers (cut-off 13.7 ng/ml 
cotinine). These 21 anomalous individuals were 
labeled "Deceivers” by these authors, even 
though: 5 of them did not have raised 
thiocyanate levels and 3 had expired CO 
levels below the smoking cut-off of 5.6 ppm. 
Presumably the anonymity also protects the 
authors from litigation. What is most surprising 
is that no comment is made by the authors 
about the 9 self-reported smokers who had 
plasma cotinines Mow the cut-off of 13.7 ng/ml. 
In spite of its better performance than other 
biomarkers tested, plasma cotinine could still be 
seriously wrong on an individual case basis in 
this study. Using pejorative terminology such as 
"deceiver” to label a patient as a liar is in my 
view not only highly invasive of that patient’s 
human rights but also unscientific. It may very 
well: be that, by trading knowledge for con¬ 
venience, an unusually high dietary intake of 
nicotine and cotinine has been overlooked, or a 
pharmacogenetic variant in nicotine/cotinine 
metabolism has stealthily been at work, or for 
that particular sample the assay did not perform 
adequately. This may be particularly important 
when issues of minor nicotine intake, such 
as environmental tobacco smoke, are being 
considered, where the signal-to-noise for 
cotinine values might be seriously confounded 
and compromised by diet and pharmacogenetic 
variation! Again the literature contains such 
possible examples: 330 non-smoking adolescent 


schoolgirls in south London were studied by 
Jarvis et al, [38]. They were partly categorized 
as non-smokers by having salivary cotinine 
concentrations of less than 14.7ng/ml [24], 
The authors claim that the high; correlation 
(r - 0.75, p < 0.0001) between non-smoking 
girls’ salivary cotinine concentrations on two 
occasions 1 year apart was due to a constant 
home environment where either or both parents 
smoked indoors. Thus, the pattern of salivary 
cotinine due to the breathing of one or both 
parents’ smoke was maintained with high repro- 
ducibility over 12 months. At least this is. the 
interpretation put on the findings by the authors 
and they may be right, but they have ignored the 
possibility that an individual’s salivary cotinine 
level is fixed by a combination of environ¬ 
mental, physiological and genetic factors and 
not merely by one exposure factor. From my 
perspective as a pharmacogeneticist a great deal 
of work is yet required before such weight can 
be attributed to salivary cotinine concentrations 
as is often witnessed. The full metabolic picture 
of nicotine is not known, the extent to which 
single genes can determine individual: patterns 
is unknown; the complete dietary spectrum of 
nicotine and related pyridine alkaloids is un¬ 
available at present, and the ability of salivary 
glands to concentrate cotinine is still under 
debate. I believe that the time is right to trade 
some expediency for proper investigation of the 
problem. 
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SUMMARY ^ 

An interlaboratory study aimed at determining nkotine and cotininc in human serum and urme was 
carried out. Ill laboratories from 6 countries, all expe rie nced in pcrformini nicotine and cotininc deter¬ 
minations in biological I fluids by radioimmunoassay (RJA) and/or gas chromatography (GO were in¬ 
volved. Each of them received II serum and 18 urine samples. The specimens were obtained from 8 
smokers and 10 non-smokers; 2 samples from non-smokers were spiked with defined amounts of nicotine 
and cotininc. All the laboratories d i stingui shed perfectly between the smokers and the non-smokers and 
according ip cotininc levels in serum the laboratories ranked the samples with good agreement. There 
were systematic differences in the absolute values between the laboratories. The ratios of urinary cotininc 
concentrations between active and passive smokers differed widely from laboratory to laboratory. The 
reasons for this arc not yet known and neces si ta te further investigation: 


‘Presented at the International Experimental Toxicology Symposium on Passive Smoking. October 
23-25. 1986. Essen (F R O ). 

••To whom correspondence and reprint requests should be addressed. 

Abbreviations: c*., coefficients of variation; ETS. environmental tobacco smoke; GC. gas 
chromatography; R1A. radioimmunoassay. 
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Elimination of Cotinine from Body Fluids: 
Disposition in Smokers and Nonsmokers 

Nancy J. Haley. PhD, Daniel W. Scntovic, PhD, and Dietbjch Hoffmann, PhD 


Akstree*: We have evaluated difference* to the elimination of 
cocifitoc. a m^jor nicotine metabolite, in smoken who quit saokiag 
aad never-imoken who were exposed to eovinmmesul tobacco 
smoke (ETS) under cootroUed conditions. The mean bioiopcai 
half-life of cotimne in urine, collected from the nine smokers was 
16.5 £ 1.2 h, in never-smoken exposed to ETS. 27J ± 1.9 h. 
Differences in the mode of upuke and absorption of nicotine and 
possible differences in nicotine metabolism may play roles in the 
clearance rate differences between smokers and ooesmokers. (AmJ 
Public Health 1919; 79*. 1046-104*.) 


Introduction 

The elimination of nicotine, by smokers, users of other 
tobacco products, and by nonsmoken exposed to environ- 
mental tobacco smoke (ETS), is a variable metabolic 
process.^ In a previous study, we ob serve d that cotimne 
elimination in oonsmokers exposed to ETS tended to take 
longer than that seen in active smokers who quit smoking. 4 
The slower clearance in oonsmokers of a terminal nicotine 
metabolite suggested that other tobacco smoke constituents 
or their metabolites might also remain in the bodies of 
oonsmokers for longer time periods. 

Differences in the induction of hepatic and possibly 
pulmonary enzymes can plhy a role in the diverse metabolic 
rates observed between individuals.^ 11 Additionally, varia¬ 
tions in the site and rate of absorption of nicotine can affect 
first pass metabolism by the liver and influence nicotine 
conversion as well as nicotine clearance.** 10 Therefore we 
designed thecurrent study to evaluate possible differences in 
the rate of cotinine elimination in smokers and ETS-exposed 
ocver-smokers. 

Methods 

Nine smokers between 23 and 38 yean of age abstained 
from cigarette smoking for the duration of the study . Their 
prior smoking behavior ranged from self-reported use of six 
to 30 cigarettes per day. Smoking status was confirmed by 
urine cotinine concentrations. All urine voids were collected 
in four daily aliquots for five days beginning with cessation of 
smoking. 

Ten nonsmoken who reported that they were never- 
sstokers (26-45 years of age) were exposed to ETS for 80 
minutes twice daily in two successive days in a specially 
constructed chamber. Five subjects were exposed at each 
time to the sidestream smoke produced by four Kentucky 
1R1 Reference cigarettes which were continuously smoked 


AddrvM rtftm fsgown to Hmey J. HMty, MK Aaocae CM, 
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throughout tbe exposure period. The chamber conditions 
hive bees described previously. 12 Briefly summarized, the 
chamber is 16.3 m J with six air chances per hour which 
cofTespoods to the average ventilatioo cooditioo of offices in 
the United States. The pollution levels of selected smoke 
constituents were approximately 25 ppm >CO, 0.9 ppm NO;, 
and 160 ugfat 1 formaldehyde. These are considered high 
pollution levels. Urine samples were collected before expo¬ 
sure and in four daily aliquots as described for the smokers 
following cessation. 

Each sample was analyzed for cotinine by radioimmu¬ 
noassay QUA) using specific antisen produced in. rab¬ 
bits. 13,4 Creatinine In urine was determined oo a Kodak 
Ektacbem 400 Clinical Chemistry Analyzer. 12 Creatinine 
excretion was used to normalize urine cotimne values. 14 

The volumes of smoke exhaled during smoking or ETS 
exposure are variable as well as tbe efficiency of lung 
clearance. These factors and the amount of nutter expecto¬ 
rated or swallowed and absorbed from tbe digestive tract wiU 
affect bioavailability. In light of these variables, calculations 
of the dose of smoke taken up by subjects would be 
inappropriate. We have therefore assessed exposure by 
terminal cotinine half-lives (tfcfi) estimated by linear regres¬ 
sion of tbe log concentrations against time using an interac¬ 
tive computer program designed for tbe analysis of drug 
pharmacokinetics. , 

Results 

Data on tbe ehminatioo of cotinine in tbe urine of 
smokers and ETS-exposed noosmokers are presented 1 in 
Table I. The mean of tbe trtf) for cotinine m the urine of the 
nine smokers was 16.5 ± 1.2 h. The coefficients of variation 
between subjects was 21 percent. Nonsmokers who were: 
exposed to ETS had a mean tvifi for cotimne ehminatioo of 
27.3 ± 1.9 hi Tbe correlation co e ffici en t for goodness of At 
was r ■ 0,89 ± 0.02 in smokers and r ■ 0.90 ~ 0.01 for 
oonsmokers exposed to ETS. For both smokers andinon- 
smokers, iw correlation was observed between peak cotinine 
levels and ehminatioo time. Nonsmoken had a substantially 
longer mean ttof) of cotinine elimination (27.3) than smoken 
who quit (16.5), 

Discussion 

The results of this study support the concept that 
cotinine elimination can be mo re ra pid in sm oke n than in 
nonsmoken who an exposed to ETS, and tbe earlier work by 
Kyerematen, tt at, who observed that tbe tttf) of nicotine m 
tbe urine of oonsmoken was mote than twice as long as that 
of smokers. n Taken together, these observations could 
reflea a heightened carc i nogenic potential of ETS m aoo- 
smokern. 

Tbe slower dcannos in o one m o ken of a terminal 
nicotine metabolite sugpsts that ocher tobacco smoke con¬ 
stituents or their metabolites may also remain in the bodies 
of nonsmoken for longer periods of timerConccivabty, this 
could inertme ths pot rori a l for endog e no u s formation of 
carcinogenic tobacco specific nstroeammea. 2 In considering 
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INTRODUCTION 

Nicotine and cotinine in body fluids are often used in order to quantify tobacco 
smoke uptake. For their determination, GC and RIA methods are normally applied. 
A controversial discussion in the literature gives rise to some doubt whether data 
published by different laboratories are comparable withi one another (1, 2). The 
analytical difficulties appear to be most evident in the case of ETS exposure; as very 
low exposure levels coming close to the detection limit have to be measured. In order 
to gain further insight into this matter, we initiated an international interlaboratory 
study. 11 laboratories were involved being experienced in performing nicotine and 
cotinine determinations in biological fluids by RIA and/or CC. 


TABLET 


NICOTINE IN SERUM (n*/mD AS MEASURED BY 5 DIFFERENT LABORATORIES USING 
GASCHROMATOGRAPHY (GO 

X, S and C.V. are calculated without the outlying measurements. 


Subjects 

Smoke 

uptake 

Laboratories - Methods 

A-GC D-OC F-GC 

HOC 

KOC 

X 

s 

c.v. 

Non-smoker ETS exp* 








li 

0 

<1 

68* 

<0.5 

0.4 

1.0 




2 

0 

<1 

4l3* 

<0.5 

0.2 

1.2 




3 

1 

<1 

7:4* 

0.8 

0.3 

1.3 




4 

2 

< 1 

5.7* 

05 

03 

1.3 




5 

2 

< I 

S3 

0 9 

06 

1.8 




6 

3 

<1 

10.1* 

0i6 

0.3 

2 1 




7 

3 

<1 

nd 

<0.5 

0.2 

1.8 




8 

3 

1 

9.6* 

08 

0.3 

2 1 




Smoker 

Cig./day 

) 








9 

15 

—f9 

15.0 

175 

186 

20.4 

18 1 

2.0 

0 11 

10 

15 

7 

10.4 

9,0 

81 

13.2 

9.7 

2.3 

0.24 

III 

20 

3 

I5i0* 

IL9 

2.3 

2.2 

2.3 

05 

0.20 

12 

20 

8 

U2 

4.8 

6.3 

8.0 

S3 

3 -6 

0 43 

13 

30 

11 

23.7 

14.3 

15.8 

167 

163 

417 

029 

14 

40 

22 

9.9 

12.9 

13.0 

158 

13.1 

4 5 

030 

15 

40 

27 

29 8 

23.0 

r. 7 

37 li 

29.3 

4.7 

0.16 

16 

60 

32 

24.1 

32 4 

40.0 

40.7 

338 

68 

0 20 

IT 


39 

268 

35 4 

44,9 

44.1 

3810 

7.4 

0.19 

i r 


15 

17.3 

17J 

21.8 

219 

187 

3,0 

0;I6 


nd, not detectable. 

•Outlier. 

*ETS exposure: 0, none; l* low; 2. medium; 3. high. 
‘Serum spiked with 41 and 20 Af/mt nicotine, respectively^ 
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MATERIALS AND METHODS 

Urine obtained! from 8 non-smokers and 8 smokers was collected for 24 h, and 
blood was drawn between 4 and 6 pm at the Forschungslaboratorium Prof. 
Schievelbein. 6 of the non-smokers reported exposure to ETS. The urine and serum 
specimens were aliquoted and stored at -20*C. In addition, 2 serum and 2 urine 
samples derived from nonrexposed non-smokers were spiked with nicotine and' 
cotinine. In total, there were 18 urine and 118 serum samples. The frozen specimens 
<4 ml serum and 10 ml urine) were dispatched on dry ice. The participating 
laboratories were sent the samples under a code number. Each laboratory could 
choose its own analytical method. They were asked to return one single valiie for 
nicotine and cotinine from each sample. 


TABLE 11 

NICOTINE IN URINE (ng/ml) AS MEASURED BY 5 DIFFERENT LABORATORIES USING 
CASCHROMATOGRAPHY (GO 

X, S and C.V. are calculated I without the out lying measurements._ 


Laboratories - Method! 


Subjects 

Smoke 

A-GC 

D-GC 

F-GC 

ItGC 

K-CC 

X 

s 

C.v. 


uptake 







A- 


Non-smoker 

ETS *xp> 







/ 


1 

0 

4. 

nd 

8.3 

<3 

7 7 



2 

0 

7 

S 

4,0 

26 

160 




3 

1 

3 

nd 

4.5 

<3 

2.3 




4 

2 

<3 

nd 


450* 

62 




5 

2 

<3 

nd 

24 

<5 

84 




6 

3 

<3 

nd 

419 

38 

13.9 




7 

3 

9 

nd 

516 

28 

12 




t 

3 

32 

nd 

19.9 

$40* 

34.0 




Smoker 

Cig./day 









9 

IS 

SIS* 

149 

124 

150 

190 

133 

27 

0 18 

10 

IS 

11191 

907 

11190 

343 

1189 

964 

367 

0 31 

11 

20 

253 

186 

154 

til 

204 

183 

51 

0.28 

12 

20 

161* 

615 

609 

650 

650 

631 

22 

0.04 

13 

30 

519 

459 

450 

338 

300 

453 

70 

0.16 

14 

40 

1333 

1155 

1092 

1320 

627 

1105 

216 

0.26 

15 

40 

3218 

2967 

3331 

3198 

3125 

3168 

134 

0.04 

16 

60 

3279 

3417 

3486 

2813 

3391 

3277 

270 

0.08 

IT 


2687 

2483 

2399 

IMS* 

2601 

2592 

83 

0.03 

ir 


1404 

111)2 

1356 

102} 

1269 

1233 

16! 

0 13 


^Outlier, nd. not detectable. 

*ETS exposure: 0. none; I. low; 2. medium: 3i high. 

*Unne spiked wuh 2SOO and 1200 ng/ml niconne, respectively 
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RESULTS AND DISCUSSION 


Only 5 laboratories were able to measure nicotine in serum and in urine, all of 
them using GC. Cotinine in serum and urine were each determined by 10 
laboratories. The results are summarized in Tables I to IV. The recovery rates 
calculated from the spiked serum and urine samples ranged from S3 to 117 % for 
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Fig; I. Linear model (according to Jacch (31> based on the samples from smokers and on ihe spiked 
samples (n » 10). 

Model X* - a, * A * ♦ «*; i « I.Ill: k - 9, ... , II. 

X*. measurement value for ample k, derived by laboratory i. 

true but unknown value for sample k. 

(a,. A), bias fori laboratory i. 

error term with expectation 0 and variance *r 
•-#. diagonal line in plots. 
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TABLE IV 


COTININE IN URINE tn*/mt) AS MEASURED BY 10 DIFFERENT LABORATORIES USING RADIOIMMUNOASSAY (RIA) AND/OR GAS 
CHROMATOGRAPHY <GC) 

k v s and c.v. arc calculated without the outlying mmcrenKiHt. 


Subjects 

Smoke 

uptake 

Laboratories - 

ARIA ACC 

Methods 

B-RIA 

C-RIA 

D-GC 

E-ltIA 

F-GC 

hxx: 

IGC 

IC-GC 

L-RIA i 

s 

C.v. 

Nortmoka 

ETS e*p * 














1 

0 

7 

12 

2.9 

14 2 

ad 

ad 

14 


14 

2.4 

<1 



2 

0 

25 

2 

12.0 

4.0 

42 

ad 

10 


26 

15.7 

4.0 



2 

1 

it- 

S 

4.5 

ad 

ad 

ad 

4 


7 

4.9 

1.0 



4 

2 

17* 

2 

4.4 

2.1 

ad 

ad 

7 


• 

2.9 

<1 



5 

2 

II 

2 

2.6 

14 5 

ad 

ad 

2 


20* 

2.6 

<1 



4 

2 

76 

24 

45.0 

26.1 

ad 

44 

21 


19 

20.6 

12.6 



7 

2 

21 

19 

16.0 

ad 

ad 

ad 

9 


12 

• 5 

2.1 



4 

2 

ISO* 

24 

75.0 

45.9 

ad 

61 

15 


61 

21.4 

29.1 



Smoker 

Of./day 














9 

IS 

2152 

1294 

1625 

264 

1150 

1541 

474 

1270 

440 

1050 

1226 1222 

444 

040 

10 

IS 

1002 

1014 

740 

172 

512 

1000 

460 

720 

902 

605 

524 704 

279 

040 

II 

20 

626 

224 

425 

66 

205 

201 

129 

190 

171 

201 

260 264 

154 

0 59 

12 

20 

5196“ 

1749 

2620 

202 

1145 

2979 

1002 

• 590 

1420 

1091 

2540 1644 

•47 

0.51 

12 

20 

2726* 

1124 

2015 

222 

700 

1422 
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nicotine,, and from 79^1195* for cotinine. There were no differences in recovery 
rates between the urine and serum samples. The data from laboratory C were ex¬ 
cluded from this calculation, as they show a recovery rate for cotinine of about 2Q*!t 
only. 

In the samples obtained from smokers the interlaboratory c.v. ranted from 4 to 
59*7*. They were not influenced by increasing cigarette consumption With regard 
to nicotine, the coefficients of variation were similar when the measurements were 
made in serum or urine, whereas for cotinine the mean coefficient of variation in 
urine was twice as high as found in serum. This is due to the fact that cotinine deter¬ 
minations in urine by RIA are less precise than in serum. For the spiked samples 
the coefficients of variation ranged' from 3 to 19*7* being much lower than in the 
samples from smokers. As yet we have no explanation for this. The coefficients of 
variation for the samples obtained from non-smokers should not be calculated, 
since most of the values are below the detection limit and no numerical figures are 
available. The ratios of urinary cotinine concentrations between active and passive 
smokers differed wideiyrpnging from 21 in laboratory C to 294 in laboratory L. 

In order to describeTfie results of the interiaboratory study in a more condensed 
form, a linear model (3] based on the samples obtained from smokers and on the 
spiked samples was used (Fig. 1). A comparison of the model line obtained from 
each laboratory with the ideal line (diagonal) indicates the degree of deviation of 
the laboratory’s results. A low e-value means high precision. Cotinine values in 
serum are comparable whether determined by RIA or CC, whereas in urine the RI A 
values are higher than the CC values. The data obtained in laboratory C have been 
disregarded. 

The results of our interiaboratory study indicate that data on nicotine and 
cotinine concentrations in serum and urine from smokers published so far are cer¬ 
tainly comparable on* relative basis (coefficient of correlation: 0.6-0.9). In genera], 
die laboratories ranked the samples according to cotinine levels in serum with good 
agreement. The absolute values, however, show large interiaboratory variations. 
These are particularly high in the samples obtained from subjects exposed to ETS. 
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ABSTRACT. Reports of recent exposure to environmental tobacco smoke (ET5) and urinary 
cotinine levels were obtained on 663 never- and ex-smokera who attended a cancer screen¬ 
ing clinic in Buffalo, New York, in 1986. Study objectives included determining the preva¬ 
lence of exposure to ETS using urinary cotinine and identifying questionnaire exposure 
measures predictive of cotinine. Findings demonstrate that exposure to environmental 
tobacco smoke is extremely prevalent, even among those not living with a smoker. A total 
of 76% of subjects reported exposure to ETS in the 4 d preceding the interview. The most 
frequently mentioned sources of exposure were at work (28%) and at home (27%). Coti+ 
nine was found in the urine of 91% of subjects. Cotinine values increased significantly with 
the number of exposures reported. Among the different questionnaire measures of ex¬ 
posure that were evaluated, the single best predictor of cotinine was the number of friends 
and family members seen regularly by the subject who smoke. 


* EXPOSURE to environmental tobacco smoke (ETS) 
$ has been implicated as a cause of many adverse health 
consequences in nonsmokers .' 0 Although the health 
risks associated with ETS are probably small in com- 
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parison to active smoking, given the high prevalence of 
smoking in the United States/ exposure to ETiS is likely 
to be common, and the number of people adversely af¬ 
fected could be substantial. 
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Health risks associated with ETS vary with exposure. 
Biological markers: of tobacco smoke exposure have re¬ 
cently been used in an attempt to measure smoke at* 
sorption in nonsmokerS; US " , ° Of the various biochem¬ 
ical markers of tobacco smoke exposure, there is 
general agreement that cotinine is the best marker. 
Cotinine is a metabolite of nicotine and: is therefore 
specific to tobacco smoke. Cotinine is considered a 
better marker of exposure than nicotine because its 
longer half-life means it measures exposure over 
several days rather than hours.** 10 The degree of ex¬ 
posure, as measured by cotinine, is likely to depend 
upon several environmental factors, including number 
of exposures, duration of exposure, intensity of expo¬ 
sure (i.e., number of smokers), and room ventilation 
character! sties. 1 * 10 

This study examines the relative importance of these 
environmental factors in predicting current ETS ex¬ 
posure, as measured by urinary cotinine, in a group of 
663 non-smokers* In addition, information is presented 
on the prevalence and sources of exposure to tobacco 
smoke. The findings from this study should be useful to 
those interested in developing valid questionnaire 
measures of recent exposure to ETS and to health of¬ 
ficials charged with assessing the need for regulations 
that restrict smoking in public places. 

Material and methods 

The study population included! adult men and 
women who attended the Roswell Park Memorial In¬ 
stitute Cancer Screening Clinic for a free cancer check¬ 
up during 1986. Screening exams were performed by a 
nurse practitioner or physician. Following the examina¬ 
tion, clinic attendees were asked by the examiner if 
they wished to participate in a study on ETS. Subjects 
were informed that participation in the study would re¬ 
quire a 30r to 40-min interview, provision of a urine 
sample, and a lung function test. Among those ap¬ 
proached, about 70% volunteered to participate. The 
main reason given for refusal to participate was lack of 
time. Those willing to participate were directed into a 
private office where an interviewer provided a further 
description of the study and obtained a signed consent. 

Interviewing began in February 1986 and ended in 
December 1986. Smokers and non-smokers were en¬ 
rolled in the study up until July 1986, after which time 
only non-smokers were recruited. A total of 860 indi¬ 
viduals were enrolled in the study. These included 380 
never-smokers, 350 ex-smokers, and 130 current smok¬ 
ers. Subjects were classified as ex-smokers if they smoked 
at least one cigarette/pipe/cigar a day for > 1 yr and 
had not used tobacco for at least 1 mo prior to the in¬ 
terview. Current smokers were classified as those sub¬ 
jects who currently smoked any quantity of tobacco. 
The data presented in this paper are restricted to never- 
and ex-smoker participants in the study (M - 730):. 

The age distribution of subjects was widespread, 
ranging from 18 to 84 yr (mean age - 54.7 yr). Ex¬ 
smokers were slightly older (56.8 yr) than never 
smokers (53.2 yr). A higher proportion of never smok¬ 
ers compared to ex-smokers were below age 40 yr 
(21% vs. 12%). Overall, 44% of subjects were male, 


and 90% were white. A significantly higher proportion 
of ex-smokers were male compared to never-smokers 
(55% vs. 34%). The majority of subjects were married 
(69%). Slightly more than one-third of never smokers 
were college graduates, in contrast to 25% among ex¬ 
smokers. Roughly half the study subjects were current!- 
ly employed. In comparison to the adult population in 
Erie County, New York, the study sample over repre¬ 
sented females and whites and under represented per¬ 
sons below 40 yr of age. 

Data collection. Study subjects were interviewed in a 
private office by a trained interviewer. The interviewer 
questioned subjects about their current and past tobac¬ 
co use habits, exposure to tobacco smoke at home and 
at work, and recent indoor exposure to tobacco smoke 
over a 4-d period preceding the interview. To aid 
recall, each of the 4 d was subdivided into three 
segments (i.e., morning, afternoon, evening), and sub¬ 
jects were asked the same questions for each portion of 
the day. For each portion of a day, subjects were asked 
to indicate whether they had been exposed indoors, 
not ini a car, to smoke from an individual who was 
smoking. Those who answered "yes" were asked to 
report on the location and duration (measured in 
quarter hours) of exposure, the number of smokers 
present (within 10 ft), the size of each exposure loca¬ 
tion, and the air ventilation characteristics of each loca¬ 
tion (i.e., open windows, air conditioning). Subjects 
were asked to rate the size of each exposure location 
on a 3-point scale as follows: 1 - large, defined as 
auditorium size; 2 - medium* defined as kitchen or liv¬ 
ing room size; and 3 - small, defined as small, single¬ 
person office size. 

For each portion of a d^y, subjects were also asked to 
indicate whether they had been exposed to one or 
more people smoking in a car. Those who answeredi 
"yes" were asked how many people were smoking, 
the duration of exposure (measured in quarter hours), 
and whether windows were open or air conditioning 
was being used. The location size score for exposures 
in a car were automatically coded a 3, which cor¬ 
responded to a small indoor exposure location. 

The recall interview was structured so that for each 
portion of a day the subject could report on a single in¬ 
door exposure and one exposure occurring in a car. 
Thus, the maximum number of exposure events that 
could be recorded in a given day was 6 (3 segments in a 
day x 2 exposures per segment), and 24 for the entire 
4^d recall period. If multiple exposure locations were 
reported in the same portion of the day, the more ex¬ 
tensive exposure was recorded. Very few subjects re¬ 
ported multiple exposure locations during the same 
portiom of a given day. Thus, the exposure reports re¬ 
corded represent a fairly complete picture of a 
subject's perception of exposure to tobacco smoke 
over the 4 d preceding the interview. 

In addition to information on tobacco smoke expo¬ 
sure, subjects were questioned about tbauxurrent and 
past health status, work history, and personal charac¬ 
teristics. All subjects were given a lung function test 
and asked to provide a 6-ml urine sample for deter¬ 
mination of cotinine. 
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Urine specimens were frozen at -80°C until the coti- 
nine assay was performed. Assays were done within 6 
mo of collection and without knowledge of the sub* 
ject's smoking or exposure status. Cotinine was quan¬ 
tified using high pressure liquid chromatography 
(HPLO:" To check the accuracy of the assay, control 
samples with established mean cotinine values were 
performed 1 with 1 each HPLC run. If control valines could 
not be repeated (i.e., coefficient of variation > 10%), 
the assay was redone. 

Exposure measures. Several indicators of exposure 
to ETS were constructed from interview responses. 
From, the information collected in the 4-d recall, five 
measures of ETS exposure were computed. These in¬ 
cluded (1) the total number of exposures, computed by 
summing the number of indoor and car exposures re¬ 
ported; by subjects; (2) total duration of exposures, 
computed by summing across all reported exposures, 
die number of minutes exposed to tobacco smoke; (3) 
the intensity of exposures, measured by summing 
across all reported exposures, the number of smokers 
to whom the subject was exposed within 10 ft; (4) the 
size of exposure locations, computed by summing the 
size scores across all exposures; and (5) the ventilation 
characteristics of exposure locations measured by hav¬ 
ing subjects indicate for each location whether it was 
ventilated (i.e., open windows or air conditioning) or 
not (ventilated - It not ventilated - 0), and then sum¬ 
ming the ventilation scores across all exposures. 

In addition to measures derived from the 4-d recall; 
several general indicators of current ETS were assessed. 
These included (IMhe number of cigarette/Cigar/pipe 
smokers living in the subject's home (coded as none, 
one, two, or more); (2) among married subjects, the 
smoking status of their spouse; (3) among currently 
employed subjects, exposure to tobacco smoke at 
work; and (4) a rating by subjects of the number of peo¬ 
ple they see regularly (i.e., friends, relatives, co- 
workers) who smoke (response categories were none/ 
few, some, most/all). 

Data analysis. Analyses were restricted to lifelong 
non-smokers and ex-smokers. Two subjects who usedi 
chewing tobacco were excluded from analyses. Other 
exclusions included 45 subjects from whom urine sam¬ 
ples were not obtained or were tost; 14 subjects for 
whom, the cotinine assay was judged to be unreliable, 
i.e., coefficient' of variation greater than 10%; and 6 
subjects whose cotinine levels exceeded 90 ng/ml and 
were, therefore, classified as active smokers. The cut- 
point of 90 ng/ml! to distinguish between active and 
passive smoking was basedion a comparison of the dis¬ 
tributions for reported non-smokers and current smok¬ 
ers, Subjects excluded from the analysis did not differ 
significantly from those retained in the analysis with 
regard to demographic characteristics or self-reports of 
exposure to ETS. 

The bivariate relationship between urinary cotinine 
and measures of ETS smoke exposure were evaluated 
by either one-way analysis of variance or Pearson Prod¬ 
uct Moment correlation coefficients, as appropriate. 
Multiple regression analysis was employed to evaluate 
the relationship between urinary cotinine and meas¬ 


ures of exposure to passive smoke, controlling: for the 
following potential confounding variables: age; sex; 
time of day when the specimen was collected! (coded 
as: morning, afternoon, evening); and! time of year 
when the specimen was collected (coded as: indoor 
months - November through April and!outdoor months 
- May through October)i 

One-way analysis of variance was used to evaluate 
the relationship between the characteristics of subjects 
and exposure to ETS as measured in the 4-d recall! A 
stepwise multiple regression analysis was performed to 
assess the multivariate importance of variables found in 
the bivariate analysis to be associated with reported ex¬ 
posures. 

Results 

Seventy-six per cent (501/663) of the subjects re¬ 
ported exposure to tobacco smoke in the 4 d preceding 
the interview. The average number of exposures re¬ 
ported over the 4-d period was 3.3 (range: 0 to 21 ex¬ 
posures): Among the 501 exposed subjects, the average 
daily exposure was 2 h (range < 1 h to 13.25 h/d). Re¬ 
ported exposure locations in order of frequency were 
work (28%), home (27%), restaurants (16%), private 
social gatherings (11%), in a car or airplane (10%), and 
in public buildings (6%). 

Twenty*two per cent of subjects (n - 145)' lived with 
a smoker. Of the 466 married subjects, 94 reported 1 that 
their spouse smoked! Among currently employed sub¬ 
jects (n - 343), 77% reported being exposed I to tobac¬ 
co smoke at work. Twenty per. cent of subjects stated 
that smoking is prohibited in their home; 40% pro¬ 
hibited smoking in their car. Fifty-seven per cent of sub¬ 
jects reported that none or few of their family and 
friends smoke, 29% said that some smoke, and' 14% 
said that most or all smoke. 

Six hundred and five of the 663 (91%) had detectable 
cotinine levels. The mean cotinine level was 8:84 ng/ml 
(median - 6.19 ng/ml). Cotinine levels ranged from 0 
ng/ml to 85 ng/ml; 92% of cotinine values were less 
than 20 ng/ml! 

Figure 1 shows the mean urinary cotinine leveh by 
the number of exposures reported! by subjects during 
the 4-d recall period: Whereas concentrations of coti¬ 
nine varied widely within exposure groups, the level in¬ 
creased with the number of exposures reported (Pear¬ 
son Product Moment Correlation - 0.23, p < .01). 

Table 1 shows the relationship between'urinary coti¬ 
nine and various measures of exposure to ETS com- a 
puted from the 4-d recall portion of the interview. All S 
exposure measures were significantly related to coti-f 
nine, although the degree of association was modest. § 
Exposure measures were highly intercorrelated be-1 
cause each was based on the number of exposure oc* I 
currences (range: r - 0.70 to r - 0.96). To evaluate they 
relationship of exposure duration,, intensity, room size; 
and room ventilation with cotinine, independent of 
number of exposures, partial correlations were com¬ 
puted controlling for number of exposures. The partial 
correlation coefficients are shown inTTRFsecond col¬ 
umn in Table 1. When the number of exposure occur¬ 
rences was controlled, only the ventilation character- 
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Number of Exposures in the Post 4 Doys 

fig. 1. Urinary cotinine concentrations by number of reported ex¬ 
posures to tobacco smoke in the past 4 d among 663 nonsmokers, 
Buffalo, New York, 1986. 

istics of the exposure location: was found to be signifi¬ 
cantly related to cotinine levels, 

A multiple regression anlaysis was performed to fur¬ 
ther evaluate the association between the number of 
exposure reports and cotinine while controlling for the 
age and sex of the subject and the time of day and 
month of year when the urine specimens were col¬ 
lected. Overall, this model accounted for 8% of the var¬ 
iability in. cotinine levels. Number of exposures and the 
time of year when urine specimens were collected 
were the only variables significantly related to cotinine. 
Each exposure occurrence increased cotinine by 0.58 
ngfml (95% confidence interval! 0.36 ng/ml to 0.80 
ng/ml). 

Cotinine levels were significantly Higher in subjects 
interviewed during cold weather months (November to 
April), in subjects who lived with smokers* and in those 
who reported that most or all of their friends and family 
whom they see regularly smoke. Cotinine levels also 
varied significantly by age and race. Younger subjects 
and nonwhites had higher cotinine levels. 


A stepwise multiple regression analysis was performed 
to evaluate the predictive value of variables found in 
the bivariate analysis to be associated (p < .10) with 
cotinine. Variables included in the regression model 
were the subject's age, race, and employment status; 
the number of smokers who lived with the subject; the 
number of friends and family members seen regularly 
who smoked; and the time of the year when the inter¬ 
view was conducted. These six variables accounted for 
only 7% of the variability in cotinine levels. Three of the 
six variables were significant contributors to the model. 
These included, in order of importance, number of 
friends and family members who smoked; the time of 
the year when the interview was conducted (cotinine 
levels higher in subjects interviewed during indoor 
months, November to April);: and the: number ofismok¬ 
ers who lived with the subject. 

The relationship between the characteristics of sub¬ 
jects and reported exposure to passive smoke as meas¬ 
ured in the 4-d recall was also assessed! Age, living with 
a smoker, number of friends and family members who: 
smoked; rules governing smoking at home and in the 
car, working in a place where smoking is allowed, and 
time of year when the interview was conducted were 
all significantly associated with the number of reported 
exposures. A stepwise multiple regression analysis was 
performed to evaluate the predictive value of variables 
found in the bivariate analysis to be associated (p < 
.10) with number of exposures. Variables included in 
the regression model were the subject's age, employ¬ 
ment status, number of smokers who lived with the 
subject, rules governing smoking at home and in the 
car, number of friends and family members seen 
regularly by the subject who smoked, and month of the 
year when the interview was conducted. These seven 
variables accounted for 35% of the variance in 
reported exposure to passive smoke. Six of the seven 
variables were significant contributors in the model. 
These included, in order of importance, the number of 
smokers who lived with the subject; the number of: 
friends and family members seen regularly by the sub¬ 
ject who smoked; the subject's employment status 
(more exposures reported by those currently em¬ 
ployed); rules governing smoking in the subject's car; 


Table I.—Relationship between Cotinine (nj/ml) and 
Measure* of Exposure to fassive Smoke from the 4-d Recall 1 


Exposure measures 

Correlation with cotinine (ng/ml) 

Unadjusted 

Adjusted for number 
ofexposures 

Number of exposures 

0.23* 


Duration of exposure 

018* 

-0.02 

Number of smokers 

0.19* 

0 01 

Room size score 

0.24* 

005 

Ventilation score 

0.25* 

0.091 


•p < .05 
tp < .01. 
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age (more exposures reported by younger subjects); 
and time of the year when the interview was con¬ 
ducted (more exposures reported by those interviewed 
during indoor months, November to April). Rules 
governing smoking at home was correlated with rules 
about smoking in the car (r - 0.46, p < .01), which 
may account for its failure to enter the model as a 
significant predictor of exposures. 

Discussion 

Given the self-selected nature of the study popula¬ 
tion and 1 potentially limited generalizability of results, it 
is worth noting that the ETS exposure rates reported by 
study subjects are comparable with exposure rates re¬ 
ported ini the literature.' 1 Friedman et all' 1 found that, 
among 37 000 nonsmoking members of a prepaid med¬ 
ical plani who were questioned about their exposure to 
ETS, 63%. indicated exposure to tobacco smoke in the 
previous week. Reported ETS exposure was strongly 
related to age, with adults in their twenties reporting 
the highest level of exposure. In this study, three- 
fouiths of non-smokers interviewed reported exposure 
to tobacco smoke in the 4 d preceding the interview. 
Similar to the Friedman et ah' 1 finding, ETS exposure 
was highest among respondents in their twenties and 
declined steadily with age. 

The-two-most frequently mentioned locations for ex¬ 
posure to passive smoke were at work and at home. 
Among currently employed subjects, 77% reported be¬ 
ing exposedi to tobacco smoke at work. Over half of all 
reported recent exposures occurred in locations where 
the subject may not have the option to avoid exposure 
(i.e., at work, in a restaurant, in a public building). This 
finding suggests that policies regulating smoking in 
public places could have a substantial impact on reduc¬ 
ing a person's exposure to ETS. 

The mean urinary cotinine level of 8.'84 ng/ml found 
among nonsmokers in this study is comparable to 
reports from other studies. 57 By contrast, the mean 
urinary cotinine level for the 130 smokers tested in this 
study was l 254 ng/mli Among nonsmokers, detectable 
levels of cotinine were found in the urine of 91% of 
subjects, including 132 of 162 subjects (81%) who 
reponedi no exposure in the 4 d preceding the inter¬ 
view. It is possible that cotinine levels were influenced 
by exposures that occurred earlier than 4 d reported on 
in the interview.' 1 Also, it is our impression that sub¬ 
jects who are not routinely exposed to ETS may have 
difficulty recalling instances of exposure. 

This study examined several self-reported environ¬ 
mental factors that may influence cotinine levels, in¬ 
cluding: the number of exposures; duration; intensity, 
i.e., number of smokers; room size; and ventilation 
characteristics of exposure locations. Consistent with 
other published I reports, 5 ’' cotinine levels tended to in¬ 
crease with the number of reported exposures to ETS. 
However, within a given exposure level, there was 
considerable variability in cotinine values. 

Cotinine was chosen as a biological marker of ETS ex¬ 
posure because it is specific to tobacco smoke. How¬ 
ever, cotinine levels ini body fluids may not only reflect 


environmental exposure to tobacco smoke, but also 
factors that influence uptake and metabolism of 
nicotine.' 011 in controlled laboratory conditions 
(smoke chambers), it has been shown that duration and 
intensity of exposure to ETS can affect absorption! of 
nicotine. 10 Results from this study show that accounting 
for exposure duration and intensity had: little influence 
on cotinine levels once the number of exposures was 
controlled. Considering the room size and! ventilation 
characteristics of the exposure location!also added little 
to predicting variation in cotinine levels. In question¬ 
naire studies of ETS, it does not appear to be useful to 
account for characteristics of exposure location; i.e., 
duration, number of smokers, room, size, ventilation 
factors. Instead, more emphasis should be placed on 
frequency measures of exposure and the number, of 
smokers among acquaintances. 

Findings from this study confirm the results of other ! 
investigations, which have found that living with a jj 
smoker increases cotinine levels. 5 "* However; 84% of 
subjects who did not live with a smoker had detectable 
cotinine levels, which underscores the need to con¬ 
sider exposures outside the home. Among the various 
general exposure measures examined, the best predic¬ 
tor of cotinine was the number of friends and family 
members seen regularly by the subject who smoked. 

This measure considers home, workplace, and social [ 
exposures to tobacco smoke, and it represents a simple | 
way to evaluate a nonsmoker's usual exposure to ETS. \ 
Cotinine levels were found to vary by month of the 
year. Subjects who were interviewed! during predom¬ 
inantly cold weather, months (November to April): re¬ 
ported more frequent exposure to ETS and 1 exhibited 
significantly higher cotinine levels than subjects inter¬ 
viewed during warm weather months (May to Octo¬ 
ber). The time of the year may not only influence the 
number of exposures to ETS but also the ventilation 
characteristics of exposure locations, 

Cotinine was assumed to be a valid 1 quantitative 
measure of ETS exposure in this study. Htowever, there 
were several potential problems with the cotinine 
values. Because of the way in which subjects were 
recruited, it was not possible to fix the day of the week 
or the time of day when specimens were collected, jar- 
vis et al.‘ found that plasma cotinine levels tend! to in¬ 
crease in the afternoon. Time of day when the inter¬ 
view was conducted was examined as a potential con¬ 
founding variable in this study and was found to be 
unrelated to cotinine leveli. Another potential problem, 
with the measurement of cotinine in this study is that 
values were based on a single random urine specimen. 
Preferably, cotinine levels should! be based on 24-h 
urine collection to control for variability in the concen- cO 
tration of cotinine between individual urine specimens. O 
In an effort to control i for variability in urinary concen- JO 
(rations of cotinine, values were standardized by CO 
creatinine excretion, which served! as a surrogate CO 
measure of urine concentration, andjexpressed as a Q0 
cotinine:creatinine ratio. However; parallel analyses K* 
done on standardized and unstandardized cotinine 
values revealed that the correction'for creatinine had ^ 
little effect on the results. 
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A recent workshop on the measurement of cotinine 
in nonsmokers recommended, for comparison pur¬ 
poses across studies, that unstandardized values be 
presented, 1 * which is why we have chosen to present 
our unstandardized cotinine levels. 

The relatively modest correlation between reported 
ETS exposure and urinary cotinine indicates that other 
(actors such as. differing metabolic rates and body size 
may have a confounding effect on the relationship be¬ 
tween cotinine levels and questionnaire measures of 
ETS exposure. In view of this finding, we would recom¬ 
mend against using cotinine levels as a strictly quan¬ 
titative indicator of ETS. The combination of question¬ 
naire measures of exposure and biologic markers offers 
perhaps the best approach for accurately assessing re¬ 
cent exposure to ETS . 11 
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LETTERS TO THE EDITOR 

Lung Cancer and Passive Smoking 


Sir - Wald and hit colleagues (1990) dtugrw with Darby wen the couarae results tad tht epidemiology, but a mam 

and Pike (1988) as to whether the increase in lung cancer nsk probable that couarae ewmumatet the degree *f 

observed m epidemiological studies in ooo-tmoken in associ- exposure from passive relative to active snoking. Whereat in 

anon wuh exposure to environmental tobacco smoke (ETS) mainstream smoke, nicotine is mainly in the paniculate phaae 

is too large to be satisfactorily explained to terms of their and is absorbed through the lungs, nicotine in ETS a mainly 

relatively small exposure to tobacco smoke constituents. Thu in the vapour phase and; being water soluble can be absotV 

is surprising as the discrepancy between the epidemiology ed through the mucous membranes. Arundel er tl. (I9«7> 

and the dosimetry is malty very unking. have estimated that relative to an average aooker. an average 

Table I summarises evidence from those I S epidemiological non-smoker retains in the hug 0j02% (males) or 0j01% 

studies in which nsk relative to a non-ETS exposed never (females) of the amount of smoking-reined; particulate mat* 

smoker (Control). could be estimated both for an ETS ter retained by • smoker. Even multiplying them peraeouget 

exposed never smoker ('Passive') and an ever smoker by two or three to make them applicable to ETS-txposed 

( Active ). It also shows the excess nsk for the pusive group non-smokers rather than non-smokers in general gves a 

u a percentage of that Tor the active group. In both sexes percentage which is over two orden of magnitude less than 

this averages 10-20%. Since, as has been widely dbcu- the percentage indicated by the epidemiology: 

merited, nsk in active smoker* is at least Unearty related to What could be the source of this large discrepancy? Darby 
the amount smoked, one would expect if there are no major and Pike make it dear that K u not duration of exposure, 

sources of bias, to find that exposure to relevant smoke which in any cast could well be on average shorter for brag 

constituents in the passive group would be at least 10% of wuh a smoker than for beings smoker. Nor is it because the 

that in the active group. However, in fan this is not the cue dosimetry relates to current smoking whereas the epiderm¬ 
al all. For cotinine. Darby and Pike, aung Jarvis er aJ. dogy relates to lifetime making as the difference in nsk 

(1984) give a value of 0 6-0.8% depending on whether unae. between a current and aa ever smoker is much lmeUtr than 

pl asm a or salivary values are considered, simitar to my own the sis of the discrepancy. Remmer (19871 who also notes 

estimate of 0.8% (Lee. 1987) baaed oo a nationally represen- the large diicrepaney. conaidm it to be explained by aon- 

ttbve sample. Wald and hit colleagues ate their own data smokers being more susceptible to the effects of pnaive 

(Wald * Ritchie. 1984) for a somewhat higher figure of smoking than mokrn. became active mokiag iodhem eniy* 

l'j%, but their mean value for exposed non-smokers to- mes that pro tea mokers against these effects, but tha ex* 

appropriately lodudet tome individuals with high couame ptanauoa seem unattractive and poorly supported by tha 

levels that were presumably actually smokers. Not only is available evidence. In my view; a much more pbmkli et- 

there approximately aa order of magnitude difference bet- plaaation is that the cpidtomotogml evidence is merely 


TMe I Lung cancer nsk m retsoon to paeaw sad sane exposure to agweas 

tmokt 
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Aft er t il. Although the relative risks observed in 
relation to Eli exposure ire large when viewed against the 
tiounmnc evidence, they are small when viewed against the 
magnitude of effect one can reliably determine by epidemi¬ 
ological methods. A number of sources of potential bias have 
to be considered - these include publication bias, confound¬ 
ing, inadequate control populations in some studies, and 
misclassification of active smoking status (Lee, 1989). I have 
discussed the last of these in detail elsewhere (Lee, 1987; Lee, 


1988) and have shown dearly that previous attempts to 
correct for it (Wald et a/., 1986; US National Academy of 
Science's Committee on Prove smoking, 1986) have been 
inadequate. 

P*t*r Let 
17 Cedar Road, 
Sutton, 

Surrey SM2 5DA, UK 
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LETTERS TO THE EDITOR 


Response to the Letter from Dr P. Lee 


Sir - Lee (1991: volume 63. page 45) claims that there is a 
discrepancy between the epidemiolbgicai and biochemical 
studies of lung cancer and passive smoking. This conclusion 
is arrived at by talcing the excess nsk of lung cancer in 
passive smokers relative to that in active smokers and com* 
paring it with the difference in biochemical marker levels 
between active and passive smokers of the same sex and from 
the same study. This is ani invalid comparison] 

The epidemiological studies of passive smoking and lung 
cancer are largely based on women. In virtually all com* 
munities of the world women started smoking more recently 
than men. have smoked less cigarettes per day and have 
usually smoked cigarettes with a lower tar yield; Their nsk of 
lung cancer from active smoking has correspondingly been 
lower than for men. but women have been exposed to passive 
smoke for as long as men have smoked, not for as long as 
women have smoked. In companng the epidemiology with 
the biochemistry it is necessary to relate the nsk of passive 
smoking with the risk of active smoking among men so that 
the duration of exposure is similar for men and women. We 
have estimated that (Wald et al.. 19861 the relative nsk of 
lung cancer in people who live with smokers compared with 
people who do not was 1.3 after allowing for misclassi- 
fication bias The relative nsk of lung cancer in male smokers 
estimated from the British doctor's study was 14 (Doll k 
Peto. 1976) The percentage excess nsk (passive over active) 
was therefore about 2% (0.3/13) not 10-20% as Lee sug¬ 
gests. This figure of 2% is similar to the 15% difference in 
urinary cotinine level in non-smokers who lived with smokers 
compared with non-smokers who lived with nonrsmoken 
(Wald k Ritchie. 1984). 


ScfircKW 

DOLL. * A PETO. R (11976). Mortality in reUtton to smoking: 20 
yean observation on mak Anush doctors. Be. Med. J JL 1525 
JARVIS. M . TUNSTALL-PEDOE. H . FEYEREABEND C . VESSEY, C 
A SALLOOJEE. Y (1984). Biochemical markers of smoke absorp¬ 
tion and self reported exposure to pawvc smoking. J Eptdrmtol 
Comm Health, M^ nS. 


Lee. in making his dosimetric estimates. cites cotinine dau 
(1987) reported by Jams et al (1984) yielding a lower 
estimate of passive smoke exposure than our own, This is 
inappropnate. because the study was based on self-defined 
categories of passive smoking instead of whether the person 
lived with a smoker, the measure used in the epidemiological 
studies Also in an attempt to ensure that subjects were not 
active smokers, high cotinine levels were censored and some 
genuine non-smokers who had been heavily exposed to pas¬ 
sive smoke may have been excluded thereby underestimating 
the biochemical measure. 

We do not consider that Lee s analysis casts senous doubt 
on the evidence on exposure to other people s smoke and> 
lung cancer. 

Sicholas Wald A Howard Cackle 
Department of Environmental k Preventive Medicine. 

St Bartholomew s Hospital Medical College. 

Charterhouse Square. London EC1M 6BQ. UK, 

Kiran Nanchahal 

Department of Epidemiology k Public Health Medicine. 

Canynge Hall. 

Whiteladies Road. 

Bristol BS8 2PR. UK. 

Stmoa Thompson 
Medical Statistics Unit. 

London School of Hygiene k Tropical Mediant. 

Keppel Street. 

London WCJE 7HT. UK 


WALD. NJ. NANCHAHAL. K. THOMPSON SO A CUCKLE. US 
(1986). Does breathing other people s tobacco smoke cause lung 
cancer? +. Med. J .. 293, 1217. 

WALD NJ A RITCHIE. C (1984) Validation of studies on lung; 
cancer in non-smokers mamed to smokers Lancet. L 1067 
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Passive smoking under controlled conditions 
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SuBiry. Ten healthy subjects were exposed to passive smoking at a high 
level corresponding to 25-30 ppm CO in the ambient air for 3 h. All subjects 
were exposed at the same time in a climatic chamber especially designed for 
exposure experiments. Despite an identical exposure rate considerable 
imerindividual variability of subsequent nicotine and cotinine levels in 
saliva, plasma and 24-h urine were observed. This variability was more pro¬ 
minent innicotine than in cotinine levels. The kinetic pattern as reflected by 
saliva levels for up to 24 h was consistent with previous data found in active 
smokers. Nicotine levels found in saliva were markedly influenced by 
repeated sampling. This was not the case for cotinine levels. With regard to 
laboratory techniques R1A seems to be more sensitive than gaschromato- 
graphy (GC). The results of this study suggest that measuring cotinine levels 
in 24-h urine with R1A is presently the most sensitive and reliable criterion 
for estimating exposure to passive smoking and for validating questionnaires 
or interviews about short-term exposure to passive smoking. 

Key words: Identical exposure - Nicotine - Cotinine - Saliva - Urine - 
RIA - Gaschromatograpby 

Introdoctioo 

A number of studies have been published dealing with the relationship (or lack 
of one) between passive smoking and increased risk of disease , for example pas¬ 
sive smoking and lung cancer [1,4, 11, 14, 16, 21], respiratory problems in 
childreni(e.g. [2, 5,1.9]), as well as die changes in hung function in aduhs (e.g. 
[3* 15,23]) 

One of the thorniest problems in these studies is that of accurately assesang 
the exposure to passive smoking . 

Offprint rtquass to: L. C. Joimsoe at the above address 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnxOOOO 


2033381110 



100 


L.C. Johnson etai. 


In order to clarify some of the cumnt issues in this field &n experiment was 
designed to answer the following questions: 

1. What is the kinetic pattern of nicotine and cotinine as measured in saliva 
following controlled exposure to passive smoking? 

2. What is the variability within and between individuals after an identical 
and high exposure to passive smoking (25-30 ppm GO for 3 h)? 

3. Does the collection procedure for saliva influence the results? 

4. To what extent are the results of GC and of R1A the same and which of 
these two methods commonly used is more appropriate for determining nico¬ 
tine and cotinine levels at Ibw concentrations? 

5i What is presently the most appropriate parameter for an objective assess¬ 
ment of exposure to passive smoking and for validating an interview about 
exposure to passive smoking during the preceding 24 h? 


Methods 

Subjects \ 

Tee healthy volunteers between the ages of 18 and 65 (5 men and 5 women) took part ix^the 
experiment. They were all noo-smokm who did not have a smoker in their household 

Exposure 

A single exposure session of 3 b was conducted in a 60 m y climatic chamber especially design¬ 
ed for exposure experiments. The conditions of exposure were controlled iso that a high and 
constant level of tobacco smoke was present in the room. 

A smoking machine was used to generate the smoke-poUuted atmosphere. It was set so as 
to draw 15 s followed by a 15 s pause The mainstream smoke produced during the drawing 
phase of the cycle (89 mJ of smoke per second) was routed outside of the cbmatized room so 
that only side-stream smoke polluted the room atmosphere. A total of 24 packs of cigarettes 
were consumed during the 3-h exposure period: 

A continuous reading GO measuring device (Comovam 100C. produced by Draeger. 
Ubeck. FRG) was used to monitor the level of air pollution in the room. A level of CO rang¬ 
ing between 25 and 30 ppm was maintained for the majority of the 3»h exposure interval 
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(Fig.l). As a check for the validity of CO as a tracer substance for the level of pollution, air 
to the room was sampled ai 3 points in the time A measured volume (at least 101) was drawn 
through a tube containing a filter. The mass of captured nicotine was subsequently determined 
pschromatofraphic techniques. The concentratioc of nictmoe obtained from these 
samples is also indicated in Fig 1 and shows that a high and relatively stable level of nicotine 
pollution was reached and maintained in the room during the experiment, Ventilation was set 
at 20% fresh air per time unit Due to the high concentration of side^stream smoke all subjects 
had to wear goggles throughout the exposure phase of the experiment in order to avoid drop¬ 
outs because of unbearable eye imuiioni 

In order to assure that all individuals were presented with the same level of pollution they 
were all exposed simultaneously in a single session in the same climatic chamber. In addition, 
stung positions were randomly changed at half hourly intervals. 

Simple coll tenon 

Special attention was paid to the saliva collection procedure Drinking straws were used to¬ 
gether with especially cleaned plastic test tubes and stoppers. Collecting through straws pro¬ 
ved to be convenient for the subjects and had the addkd benefit of kmiting the contamination 
of the sample from nicotine that might be present on the lips All subjects were advised to lei 
their saliva freely flow through the straw into the test rube until a preset mark (equivalent to 
3 ml) was reached. AU speamens were deep froien at -70 centigrade immediately after the 
collection. 

Saliva samples were collected immediately prior to and after exposure and thereafter at 
three hourly intervals for 12 b A last sample was taken on the next morning, 21 h after the 
end of the exposure interval. Twenty-four-hour unne was collected starting immediately 
before the exposure interval. 

Immediately after the end of the exposure interval a sub-experiment was undertaken in 
which the impact of the saliva collection procedure on measured concentrations of nicotine 
and cotwine was systematically manipulated Nine subjects were randomly allocated to three 
groups Group I (controls) give three saliva samples in rapid succession without stimulation. 
The other two groups gave a preliminary sample in the normal way but their second and third 
samples were produced under two stimulated conditions: riming their mouths with water and 
lemon juice in a reversed order (Group II: water then lemon. Group III:: lemon then water)j. 

Laboratory techniques 

Nicotine and cotinine were quantified by radio immuno assay |17). Selected specimens were 
reanalyzed by gaschromatography [i7j so that a comparison between the two analytical meth¬ 
ods could be conducted. 


1. Saliva concentrations 

At the beginning of the experiment low though measurable baseline levels were 
observed for nicotine and cotinine in a majority of the subjects (Figs. 2, 3). At 
the end of the 3*h exposure interval high nicotine levels (median: 89.7 ng/ml; 
range: 24.7-186.5 ng/ml) were measured. They were followed by a quick drop 
during the next 3 h until almost baseline levels were reached again. Cotinine. 
showing a less marked increase, reached its maximum 3b after the end of 
the exposure (median: 19.5 ng/ml; range: 14-29 ng/ml) followed by a slow 
decline. All individual levels of nicotine and cotinine in saliva are also given in 
Figs. 2 and 3 respectively. Despite substantial variability in the nicotine values 
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Flf.3. Individual and pooled levels of ootmine is saliva (btbw: observed values, mbovt: 
median. 25% and 75% quardk*. ranje) 
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the overall mend is consistent with a sbon half life (30 to 110 min). Similarly the 
ootinine values are consistent with a substantially longer half life (19 to 40 h). 
Tbe observed variability in tbe two substances is different. Whereas nicotine 
maintains a variability of roughly two orders of magnitude throughout tbe 
observational 1 period cotinine values were found to vary substantially less 
(roughly one half, an order of magnitude). 
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2. Comparison of analytical methods 

For comparing laboratory methods matched samples of saliva, plasma and 24-h 
urine were analyzed by RIA and gaschromatograpby (Table 1). The time of 
sampling was selected in a way that low as well as high concentrations could be 
compared between the two methods. 

TaWt L Comparison of laboratory methods (RIA vs. GQ. Saliva and plasma levels are given 
in ag/ml, urine levels in tig/24 h Only those samples art induded which bad detectable levels 
by both methods. Pre-exposure levels for oodniae in saliva are omitted because only one 
sample fulfilled this criterion 


Sub- 

efartrw 

Source 

TuneoC 

ooUcctkm 

(hours) 

n 

x ± SD 

RIA 

Gaschromato- 

P»phy 

p 

(sign 

test) 


r 
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Interindividual variance is considerable. However, neither saliva nor plasma 
levels show statistically significant differences between the two laboratories: 
The correlation between the laboratories varies between r -0.22 (plhsma nico¬ 
tine) and r -0.93 (nicotine in 24-b urine). 

The analysis of the 24-h urine data showed different results. The means 
found by RIA are approximately 30% higher than those of gaschroroatography 
(p<0.05)i This holds for nicotine as well as for cotinine. There is a high correla¬ 
tion between the two method* for both variables (r - 0.93, p <0.05). 

In order to compare the sensitivity of the two methods, values for saliva and 
plasma levels were classified as detectable or not detectable (Table 2). For 
plasma; the samples collected immediately before and: after exposure were 
pooled; Despite the small number of observations there is a consistent pattern 
indicating that RIA may be more sensitive than GC. ^together there were 18 
samples with levels detectable by RIA but not detectable by GC. The opposite 
was found for two samples only. The high incidence of samples without concern 
trations detectable by either method was not surprising since two thirds of these 
samples represent baseline levels. 
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TaMe 2. Comparison of (nativity between fUA and GC. Saliva: baseline levels. PUtma. 
pooled resulu from tampln collected immediately before and after exposure 





Saliva 


Plasma 





Detectable by GC 

Detectable by GC 




no 

yet 

no 

yts 

Nicotine 

Detectable 

no 

0 

1 

10 

0 


by R1A 

yes 

1 

8 

5 

5 

Cotinine 

Detectable 

no 

3 

0 

4 

1 


bvRIA 

yts 

6 

1 

6 

9 


3. Influence of saliva collection procedures 

The design randomized blocks repeated measurements is illustrated in Fig. 4. 
Basically, there are three questions that can be investigated by analyzing this 
complex design: 

1L Are the groups comparable, i.e. has the randomization procedure work¬ 
ed?This is answered by comparing sample 1 between the groups. 

2. Does repeated sampling itself influence the nicotine and cotinine levels 
found in saliva after exposure to passive smoking? For this questions, all three 
samples are compared within group h 

3; How is the concentration of the two compounds affected by saliva secre¬ 
tion stimulation? 
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FIg.4. Experimental design for mvesugating the influence of collecting procedures on saliva 
levels 

Table 3 summarizes the results. Comparing sample 1 between the three 
groups, very little variation can be discovered between the groups with regard 
to cotinine (ANOVA: p m 0.58), but there appears to be some inhomogeneity 
regarding nicotine: the concentration of groups I and HI is twice as high as that 
of the one in group II. ANOVA results (p ■ 0.16) suggest, however, that this 
difference may be accidental. 

Group I produced three saliva samples without additional stimulation. The 
average observed levels for these samples vary substantially for nicotine. The 
dramatic drop (approximately 50% between sample 1 and 2) is statistically 
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TaMt 3, Nicotine and cotinine tevcb (n$/ml) in saliva under stirauUted ind uitttunuUtcd 
secretion conditions 




Sample 



l 

2 

r 

Nicotine 

Group I 

98.0 1 24.6 

59.3141.5 

48 1 1 33 0 


Group 11 

52.4 1 37.0 

17.9113.6 

26.2 1 24.3 


Group III 

106.0 ± 32.4 

43.31284 

16 91 5.1 

CotlfUfK 

Group I 

16.7 1 1.5 

15 71 6 1 

21.71 4.0 


Group 11 

15.3 ± 3j8 

14 01 1.0 

1531 2.5 


Group III 

11:31 50 

17.71 5.7 

15.31 2:5 


significant (ANOVA: p<0.05). This was not the case for cotinine (ANOVA: 
p« 0.13). 

For answering the third question the differences in concentration bqmcen 
the first two samples were compared between the three groups. These differ¬ 
ences were used not only to adjust for potential inbomogeneities of santple 1 
between the groups, but also to remove the repeated sampling effect demon¬ 
strated above: ANOVA results (nicotine: p * 0.29; cotinine:: p • 0.98) suggest 
that stimulating the secretion of saliva does not noticeably influence the concen¬ 
tration of nicotine or cotinine in a second sample. 


A number of studies have been published which approach the problem of as¬ 
sessing exposure to passive inhalation in one form or another. An early study by 
Fcyerabend et al. (8) is typical in its design and can serve as a model for most of 
the studies that have been published to date. Using questionnaire techniques 
non-smokers were classified as to their exposure to tobacco smoke through pas¬ 
sive smoking. Subsequently, a particular body fluid (in some studies: expired 
air) was sampled and analyzed with regard to a particular objective tracer sub¬ 
stance. Of interest is the extent to which the exposure classification effectively 
explains the variation observed between individuals. 

In Table 4 we summarize a review of seven such studies. These studies are 
heterogeneous with regard to the population examined (children, adults, only 
women), the tracer substance (CO, COHb, nicotine, cotinine. thiocyanate, 
etc.), body fluid (expired air, urine, blood, and saliva), and laboratory tech¬ 
nique. One thing, however, which all of these studies have in common is a large 
range of observed values (from one to two orders of magnitude depending upon 
study and tracer substance). In trying to determine tbc'effectiveoessof a classi¬ 
fication instrument this variation leads to interpretation difficulties. This steins 
from the fact that subjective and objective assessment of exposure are com¬ 
pletely confounded with actual exposure differences as well as individual kinetic 
differences between individuals. Hence, when one observes a substantial 
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Exposure 

Measurement of exposure 

Lab 

method 
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subjective 

chcwHcsl 


Feyerihend el >1. |fl| 

Nkoline cottcrrHniiom In urine 
•fid saliva of imokcrt and 
Mm-unoltcn 

Work 

environment 

Questionnaire: 

exposed 

yes/no 

Nicotine levels 
in urine and saliva 

GC 

1 . Significant correlation between 
salivary and urinary concentrations 
(r - OR) 

2. Exposed non-smokers had signifi¬ 
cantly higher nicotine concentrations 
than nonexposed subjects 

Foliart el •!. [9| 

Fiwivt absorption of nkothe 
in airline night attendants 

Work 

environment 

Questionnaire 

f. CO-Hb 

2. Nicotine in blood 
and urine 

OC 

1. No differences between CO-Hb 
levels before and after flight 

2. Significantly increased blood nico¬ 
tine concentrations in S of 6 subjects 

3. Low but measurable nicotine 
excretion in urine 

Friedman el al. |I0| 

Environment 

Questionnaire: 

1. CO in expired 

Not 

Low correlations between exposed 

Prevalence and correlates of 
passive amok ing 


exposed hours 
per week 

air 

2. SNC in serum 

specified 

hours per week ami chemical para¬ 
meters (r m 0.01 -r « 015) 

Orecwberg el al. (12) 

Measuring the exposure of infants 
to tobacco smoke 

Mother's smoking 

Number of 
cigarettes smoked 
by mother 

Nicotine and 
cotinine in saliva 
and urine 

RIA 

Significant differences between 
exposed and unci posed group for all 
parameters measured 

Matsukuraetal. |!9| 

Effects of environmental tobacco 
smoke on urinary cotinine 
excretion in non-smokers 

Work 

environment 

Questionnaire: 

situational 

exposure 

Cotinine 

RIA 

Dose response relationship between 
no. of cigarettes smoked by spouse 
and levels in urine 

Rumefl et al. |20| 

Absorption by non smokers of 
carbon monoxide from room air 
polluted by tobacco smoke 

Ohviatlzcd room 
(CO: 38 ppm for 

79 min) 


CO-Hb 

Co-oxi¬ 

meter 

Significant increase of CO-Hb 
(1.6% to 2.6%) 

Wakfet al. |22| 

Urinary cotinine as marker of 
breathing other people's tobacco 
smoke 

Environment 

Questionnaire: 
hours per week 

Urinary cotinine 

RIA 

Significant relationship between 
exposed hours per week and cotinine 
levels 
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variance in observed objective measures it is not dear to what extent this has 
resulted from true differences in exposure, interindividual kinetic differences, 
and outright misdassiScation errors. 

The purpose of the experiment reported here was to determine the variabil¬ 
ity of nicotine and cotinine levels within and between individuals. Great effort 
was taken to make sure that all subjects had an identical level of exposure. 
Studies of this type are a necessary step towards accurately assessing exposure 
in epidemiological studies (e g. with regard to investigating the relationship be¬ 
tween passive smoking and lung cancer). In case-control studies the exposure to 
passive inhalation must be estimated for (tife-)k>ng periods in the past. This is 
only possible by using questionnaires or interviews. There is a need j for validat¬ 
ing such a questionnaire before trusting the data. We propose the following 
procedure: 

1. Using equally structured questionnaires, scorable data can be collected' 
from a person regarding the preceding 24 b (in hourly intervals) as well as the 
total previous life (in yearly intervals). 

2. Selecting an appropriate indicator substance, a correlation between the 
results of the 24-h interview and levels of indicator substance found in tody 
fluids (saliva, plasma, urine) can be determined. If it is high, the method is 
validated. 

3. Having validated the 24-h period it is a matter of believing in analogies 
whether or not one also trusts a similarly structured life-long history. 

In that context, the experiment reported in this paper aims at an approach 
to validating the results of short-term questionnaires about passive smoking so 
that future epidemiological studies can be planned more efficiently. The results 
show that nicotine and cotinine levels are best measured using RIA. The supe¬ 
rior sensitivity of R1A is essential since passive smoking under real life condit 
tions leads to very low levels in body fluids. 

Combining the work of other investigators with that reported here leads to 
the following summary with regard to the most appropriate tracer substance. 
Levels of expired carbon monoxide and/or carboxyhemoglobin in blood are not 
appropriate since a variety of alternative sources for CO exist (lack of specific¬ 
ity). Similarly, thiocyanate has been shown to be inferior to cotinine both 
because it is influenced by diet and because it is relatively insensitive at |pw 
exposure levels [13]. Nicotine and cotinine can both be measured! in blood, 
urine or saliva. Blood and urine are substantially more difficult to obtain under 
field conditions than is saliva. In addition, as this study shows, blood levels are 
very low even after heavy exposure. Both urine and saliva have the potential 1 
drawback of being situationafly dependent. Nicotine excretion by urine may be 
related to its pH [6]. Saliva concentrations of nicotine can be influenced'by die 
conditions under which the sampling is conducted (repeated sampling). For all 
of these reasons nicotine’s use as a tracer substance is inadvisable. Cotinine, on 


the other hand, appears to be well suited for the task. • 

The body fluid of choice seems to be urine. Although measurable levels of 
cotinine were observed in this experiment both in saliva and urine, it must be 
considered that our experiment was camed out under extreme exposure condi¬ 
tio os which will hardly ever be reached in real life situations: Our results make 
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it seem unlikely that cotinine levels measured in saliva are sensitive enough for 
validating purposes under real life conditions. The cotinine levels obtained from 
24 h urine suggest that an exposure at one tenth of the level used in this expert 
meat would presumably still lead to detectable levels in 24-h urine. Of course, 
urine samples coUected for a shorter period of time also containmeasurable 
cotinine concentrations which, when related to urinary creatinine concentra¬ 
tion, can yield meaningful results. 

The methodological tools are now available to vabdate interviews or question¬ 
naires on short-term exposure. Such a validation stategy as outlined in this 
paper could lead to methods of assessing the exposure to passive smoking which 
increase the chances for valid epidemiological studies on potential hazards of 
passive smoking. 
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sped He for tobacco smoke. It has been shown that there Is a dose dose-response 
relationship between the duration and the level of exposure on one hand, and the 
urinary cotinine excretion on the other |j-5|. I lowcvcr, the nbsolutc concentrations 
to he measured can he very low. Following low Icvd or ETS exposure they approach 
the detection threshold of available laboratory methods and they also show con¬ 
siderable variation. Up to now, with the exception of the paper of Biber ef al. |6| ( 
we are unaware or studies on quality control regarding the measurement or cotininc 
. following low-level ETS exposure. 

A series of experiments in healthy volunteers was carried out in a climatic 
chamber under strictly controlled conditions. We established a dose-response rela¬ 
tionship between experimentally controlled exposure levds and nicotine and 
cotinine measured in plasma, saliva, and urine. Detailed results have been or wilt 
be published elsewhere |2, I4J. In this paper, we report on the results of repeated 
measurements and the sources of variation which were investigated. 

MATERIALS AND METHODS 

The exposure seaikms lasting from one to six hours took place in a 60 m’ climatic 
chamber especially designed for exposure experiments. The conditions of ETS ex¬ 
posure were controlled via a continuous-reading CO-measuring device (Cotnovarn 
100 C, produced by Dracger, Lflbcck, F.R.G.). A smoking machine was used to 
generate the ETS atmosphere according to preset levels ranging from 2 to 30 ppm 
CO. The mainstream smoke produced was routed outside of the di mat bed room 
so that only sidestream smoke polluted the atmosphere. As a check for the validity 
of CO as a tracer substance for the level of pollution, air samples were taken at 
various points In time. The mass of captured nicotine was subsequently determined 
by GC. To ensure that all Individuals were subjected to the same level of pollution, 
for each experiment, they were alt exposed simultaneously In a single session In the 
climatic chamber. In addition, sitting positions were randomly changed at 30-min 
intervals. Nicotine and cotinine In plasma, saliva and urine were quantified by RIA 
developed by LANGONE (7| with a modification described by Haley |8|. In this ; 
paper, only cotinine values will be discussed. 

A series of three experiments was conducted. During the first experiment 10 
healthy volunteers were exposed to ETS <25-30 ppm CO) for 3 h (2|. This high ex¬ 
posure level was chosen in an effort to establish some preliminary findings: 

- the kinetics of nicotine and cotinine: 

- the body fluid most suitable for future measurements; 

- a methodological comparison of 2 laboratory techniques (RIA and CO. 

In a second experiment 2X5 healthy volunteers were exposed to ETS correspon¬ 
ding to 8 and 17 ppm CO. The subjects were randomly allocated to I or 2 h of ex¬ 
posure. In this experiment we quantified the total urinary cotinine excretion over 
72 h as a function of duration and level of exposure. We also compared the cotinine 


tticsMitcitterns within one laboratory as well as between two laboratories |M). 

In om ihiid experiment we exposed 9 healthy volunteers over 2 ami ft It at an ex- 
posnre level corresponding to 2 and 5 ppm CO. These exposure levels reflect realistic 
conditions. I ltcv can and do occur In a variety of settings, c.g., al work, with oilier 
IH.Wsmoking in a small and poorly ventilated office |9|. The cumulative urinary 
cotinine excretion was quantified over 48 h. We examined the Impact of in- 
let laboratory variability on the resulting low-level urinary cotinine concentrations. 
We imexttyafed the variability of the laboratory methods at the resulting low 
urinary cotinine levels. We also checked on possibilities to Increase the sensitivity 
ol the radio tmmuno assay method by reducing the dilution of the samples from , 
1:10 down to 1:3 |!4|. Dilution of the original samples is commonly used in RIA j 
techniques to reduce cross reactions with other substances. 

HI SCI IS 

I ttrMinwi brfHtrn RfA end GC 

Dining our first experiment (25-30 ppm CO over 3 h) RIA was compared to GC 

I I able l|. In saliva and plasma no statistically significant differences between the 
two methods were found, either for nicotine or for cotinine. The correlation be¬ 
tween the two methods was relatively weak with correlation coefficients ranging j 

from 0.43 to 0.85, • 

In M-h urine ibe correlation was much higher <r » 0.93) hut there were statistical- ! 
k xirnifHnnt differences between the distributions of values measured by RIA vs. 
fir. - the means found by RIA were approx. 30* higher than those of GC. This 
voirtd Indicate cither a higher sensitivity or a lower specificity or RIA. 

To compare the sensitivity of the two methods, values for saliva and plasma levels 
were classified as detectable or not detectable (Table II). For plasma, the samples 
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SI-NSITIVITY Ol RADKXMMUNO ASSAY (RIA) AND OASniROMATCX'.RAHIV (CHI 
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Detectable 

No 

0 

1 

10 

0 


by RIA 

Yes 

1 

R 

3 

3 

Cotininc 
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by RIA 

Ye* 
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^,7" f "* lrh ' ^ mamni on dkhotomi/cd (dcMnaMc/nn detcoaMc) 

collected ImmediUety before and after exposure were pooled. Despite the smalt 
number of observations there Is a consistent pattern indicating that RIA may be 
more sensitive (or less specific) than GC. Altogether there were IS samples with 
levels detectaMe by ria but not detectable by OC. In only 2 samples was the pattern 
reversed. The high Incidence or samples without concentrations detectable by either 

method was not surprising since two thirds of these samples represent baseline 
levels. 



We found that tlie highest levels were measured In 24-h urine which Irtcg rate* the 
cm iet ion out prolonged periods of time. Ill is allows a better estimate or nicotine 
uptake than levels in plasma and/or saliva: both of which reflect only a point 
(Miniate of nicotine .and cotinlne. 

I itnatmn hviwten laboratories 

I tilling our second study (8 and 17 ppm CO over I and 2 h) we compared urine 
cotinine concentrations found by two different laboratories both using a com- 
pat a We RIA method based upon the Langonc procedure (lig.l). The linear correla¬ 
tion between the values measured by the two institutions is only 0.78. Whether a 
non linear model is more appropriate for the data is unclear. Laboratory I shows 
Nome tendency to systematically measure lower levels of cotininc. Rut this lab may 
also base a slightly more sensitive assay at very low levels. There were 5 samples 
below detection level in laboratory 2, but In laboratory I levels between 6 and 14 
nr nil were measured. This indicates that absolute levels found in different studies 
and measured by different laboratories cannot directly be compared even ir they 
both use the same RIA technique. 

I Vrrntfroff hr rfilHtkitt (HIA) 

I Ik* RIA procedure applied uses a 1:10 dilution of the urine samples. At low or 
tety low levels of cot (nine In urine this could mean that the actual concentrations 
could l*e diluted below the detection level of the method (approx. 2 ng/ml). In prac¬ 
tical let ms: minor exposure to ambient smoke may be missed In studies using a 
minaiy cotininc screening for passive smoking of a population. Therefore, wc tried 



Langonc |7| and Haley |S|. 


I if. 2. Variation of orinaty enrintnr leveh between two dthnlona of rinyte nrinc s a mple * (RIA). Vatno 
aNwc inn t»t/ml ate ooiiltcd In thh HhtMt l hwi hut b n. h al e d for Ihe calculation of the coefficient of cot- 
tcl.ilnm. 
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2 1 « *^ h,vHy ° r 0ur '*** durlB * ,hc * econd *""»* tef 'wiling the dilutioi 

to 1.3 (Fig. 2). When comparing the cofininc concentration* in the urine sample 

M™r >n h *" ,endcncy lo hi * hw '"*>* •“« the 1:3 dilution 

3E5r£2?r* ^"* e *" ob, “ B * d « Oflmlkm 1:3 that 

ith the higher dilution. Mom of these samples without detectable levels at l:IOwtr< 

baseline samples obtained before the exposure sessions. Since all participants wen 

5S2"2" ETS during ,he d,ys ber °««»* experiment, 
^ lwd$ '° r,,,e,5, hi,h «■»"*»■ c*used by more 

T nBdin »* couW "»»' •" Increase in sensitivity 
mimif. ** T 1 ■* ,he of •*** Hxcincity. Moreover, the cumulated 

"^ 1 C ^ 1 OVCT "V^«- 3 > «* hi * h 'X correlated between the two 
Itri-Tn. *■ «tendency to slightly higher recoveries using the 1:3 

dilution. Our results indicate that the 1:10 dilution seems to be the better choice 


TABLE 1 


” OM A s,NOLe faction 

divided INTO 5 SAMPLES FOB DOUBLE MEASIIKPupwt* icti mv m 


Codoioc to vrtnc <i*/mt) 

Mean " 

Is mctomtmcm 

__ 2*4 wmmerntm 



4.0 

3.3 


7.4 



4.f 



3.7 



4.7 


4.4 

4.7 

5.1 


I or union within the laboratory 

lo obtain in Tor mutton on the variation within the laborntewy at low urinary 
cofininc concent rat ions wc took 3 samples from one urine collection of one person 
anil ga\e (Item to one laboratory Tor double-blind analysis (Table III). The results 
ic^Mtcd ranged from 2.6 to 8.2 ng/ml (median - 4.65 ng/ml) for the single 
uicuMirentente and from 3.3 to 7.9 ng/ml for the meam of each of the 5 pairs. If 
one ilit ides the total variance or these data into two components - variance between 
the 5 simple* and variance between the 2 measurement* or each sample - an analysis 
ol \ nuance reveals that 65% of the total variance can be explained In terms or the 
i atiance between I lie 2 measurements while only 35% is attributable to tlic variance 
between lltc 5 samples. This confirms how important it is to reduce this former 
\ aii.inee by using the mean of two measurements. Still, our data indicate that, even j 
when the laboratory techniques arc meticulously followed, considerable error I 
\atiance at low concentrations or cotininc may occur. i 

I Ith scents to limit the precision with which ETS exposure can be quant ified from I 
minary cotininc levels. This may be true for single measurements but the tcsl-rctcst j 
telubtlity of the 2 measurements can be greatly increased by using the total amount 
ol tin- cotininc mass excreted over the total observation period (e.g., 48 h; Tig. 4). 

I his leads to a correlation coefficient of 0.99 between the two measurements. Since ; 
most of lltc error variance of single measurements Is random, pooling double L 
measurement* of excreted cotininc mass over an extended period of observation of \ 
-IX-72 h is the most reliable quantitative indicator of recent ETS exposure. | 

I onaiion hr freezing the samples j 

t hiring our second experiment (8, 17 ppm CO over I and 2 h) the Impact of im- 



I ir- 4. Vitlmkm of urinary cmlotnr k*cH wtlMn cm laboratory. DovMc iw i mw o i k iK of tewaf cuTticsl 

quantity. 
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TABLE IV 


.•• 


Urine collection 
Samptewi^c 
ftmmeiJiutciy frown) 
ttpowe ft ppm , 

,h X 

I" • 51 


Tooled 

> I frozen next day) 

I? PT*o n pfwi 

V* « 0 pa 


(n • I) 15 * 44Sl 0 * 337 * 

medltie fimli* or the urine samples obtained In the first 24 h after the betinnin. 

rollwH^TTT T ,na ' yWl (Tablc ,V, ‘ Ew r *■*» “ ri "« "*£* was 

SSSSSS’J^ JT r*‘ rCC ° rdCd: 20 WWC '"""««*«* frozen. The 
conerair!!^ b * h 0 "' 6 and frwc " »•* day. Consistently higher 

r". WhC " ,hC Mmp,C * wcrc f,wcn immediately. This 

r "* Mn,,>,ing * K> " ,c - Anrthcr explanation is a 
C ° n ' alnin * tew ** **• detectable cotinine levels by 
e arlier »Hne qualities not yet containing cotinine at sufficient concentrations. Such 

tkTh^l P " 1,0U ' Ctmcen ' r,,k>n ° r «" 2<-h urine just below dctec- 

inTlj^d itjaratdj! rt “° n5 "* P, ° P ° S * ,h " 5ingle urine frartfe " should be 

To/fl/ amount of cotinine excreted over up to 72 h 
In studies published up to now cotinine concentrations or cotinine/creatinine con- 
TABLE V 

" m "" t " c "™" -»* ™«™» 

Export ton ^ Cotinine excretion In 

uwt "e-im'" r nb . M™* * 

. • — T ~~ ___ ♦ mornfcif-oHne 

IN 4.J 1.7 ~ 1,7 12 ” ' 

, . ‘'• %l «**:*»» 0*.J%, (27.VW) 

,fc ,} - 4 H.4 a.* 

(K»Sk) <«*.!%, (25.7%, (7.S%) 


tent tat ion ratios were commonly used. These concent ml ions vnry with level and 
tint; ii inn of exposure. Bill being concentrations flhey cannot be added up over 
sampling periods. 1 his is one or I he reasons why we feel dial I he loial nmonnl of 
iidinitii* I % of nine x concent ml ion) is a more suitable quant it alive indicator of ac¬ 
tual exposure. However, the amount of cotinine to be found varies not only with 
li% d amt dm.at ion of exposure but also wllh the length of time over which the urine 
is ipiledcd 11 able V). This can easily be shown in some results from our second 
stiidv. A single sample, c.g. from the first morning after exposure yields only 
:*% of ilie amount of cotinine gained over 72 h. During the first 24 h 40*,* to 
can Iv expected. This shows that the precision of urinary cotinine as a quan¬ 
titative indicator for the exposure to recent ETS can be increased by prolonged 
sampling pet tods of from 48 to 72 h. 

dim t ssltiN 

Several investigator* (1-4, 5, IB-131 have shown that measurable concentrations 
ol ttuoitne ami cotinine can he fomul in plasma, saliva and urine after liTS ex- 
I'oMtie IMasma levels in our studies were very low even after extreme exposure coo- 
dtiHHis. I allowing low exposure plasma may not he sensitive enough. Moreover, 
ptaMtta sample* are more difficult to obtain in epidemiological studies in a popula¬ 
tion. I ittally, the amount of cotinine found in single plasma samples is confounded 
In iI k* s at table time gap between exposure and sampling. This latter argument holds 
lor saliva levels as well. 

I he mcastitemeni of cotinine excretion in urtne Is currently the best choice. In our 
fit si experiment Kl A led to higher cotinine levels and was therefore used for the 
other two studies. Both methods showed considerable variation from various 
souiees, especially after low ETS exposure. In our investigations we tried to identify 
some ol tln-se sources of variation. There is marked variation between laboratories. 
I tom tl»e results presented by Biber et al. at this conference |6) we calculated by 
analysis of variance that about WWfc of the total variance of cotinine levels in urine 
can be explained by interlaboratory variance. This shows that results for different 
study groups are not easy to compare, even if apparently identical methods arc used. 
Within laboratory variation is also high but can be controlled experimentally by ac¬ 
cumulating the total cotinine mass found during continuous urine sampling over a 
period ol 48 It* 72 h after exposure and by double measurements. The specific condi¬ 
tions under which the RIA method Is conducted influences the actual levels to be 
found: less dilution of the original samples increases sensitivity at the cost of 
spec*Belly al low levels. The most stable indicator of recent low-level ETS exposure 
is to analyse the total urine excreted over a period of 48 to 72 h using a fractional 
sampling technique. Ilie total amoiini or cotinine excreted over this period of time 
is superior to cotinine concentrations and/or cotininc-crcatininc ratios round in 
single urine samples. 
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Wc have ahown that without fractioned sampling over 48-72 h there la autwtnmlnl 
variation and we recommend, therefore, that (hi* technique should he used in ftilure 
studio, 
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SUMMARY 

t ompwitv ^ti«are MHap J R «r tahnrshw* KAIATRIM «n twl to **** a rtn^AifkJ (4ui - 
ManAmdk mtmki nf nfcwnlnc aKwtptinn* JMtth'MWm. wn aK A M i i ami curcikm In nun. I hr im.M 
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INTROIHN'TION 

Epidemiological and human toxicological studies of ETS require a means for ex¬ 
posure assessment. Emphasis is currently given to nicotine and its major metabolite 
cot mine as biolocical markers of ETS exposure. These two compounds ha*c ob¬ 
vious qualitative specificity. This study was directed at establishing criteria 
necessary for using nicotine or cotininc as a quantitatively reliable ETS marker. 
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Otranct Mid volume of distribution control Ihc dosc-t issue concentration rela¬ 
tionship. ltd ween ami within subject variations commonly result f«mt variation* in 
l hew I wo parameters. lor example, consider: 

Ctn •OnxEandf. ChftQ* ♦ 09 

where On b hepatic clearance, tt b intrinsic hepolk clearance. I.e.. liver metabolic 
capacity for the substance; E b hepatic extraction ratio ami Q%% b hepatic blmnl 
flow. Individual to individual differences in C7* and, therefore. E and C7n arc com¬ 
mon for high Cf» substances. Also, where Cf* Is high. On become* more dependent 
on Qn. Individual variations In hepatic blood Oow (e g., via postural change*) are 
well known. Similarly, volume of distribution can vary from individual to In¬ 
dividual. A substance should be completely distributed in that volume of distribu¬ 
tion for there to be quantitative predictability. 

METHODS 

Specific points addressed in Ihb study were: <i) sample timing requirements; |H) 
nicotine dose vs. measurable cotininc; liii) kinetics of inhaled nicotine; fiv) the ef¬ 
fects of hepatic clearance variations on quantitative predictability. 

The predictability question was approached through the use of physiological 
pharmacokinetic modelling and computer simulation. Bischoff. Dcdrick and 
coworkers |l,2| introduced the use of physiological pharmacokinetic models to 
represent drug distribution. Flow-limited distribution among tissues can be 
represented by a series of simulataneous linear and non-linear differential equations 
based on the Fick principle and numerically solving the equations by reiterative 

Computer shnulatkms were done using CMATBIX |)|. THb b a general meth od 
developed in our laboratory for designing physiological pharmacokinetic models 
that b based on mathematical graph theory. Sequential flow from the gut to the liver 
tu accommodated ju the model. 

Three types of stmvlatiofi w er e done. For the first, nicotine tens administered hn 
iravcnomly and the disposition of nicotine only followed. For the second, nicotine 
•as administered imravenonsly. the disposition of nicotine and the metabolite 
followed. All metabolite was assumed to be cotlnine. This is obviously not the case 
In the real system, bm for study purposes and execution It svns a nseful assumption. 
The third type of simulation involved esposnre to nicotine by inhalation. 

Moddlint pnr a meters for nicotine were as follows and me presemed as ttoue, 
tisane volume 0). Mood Item fl/mln) and tissae/blood ratios, respectively: Mood- 
5.4,4.1 (cardiac ontpaO. 1} liver - 1.5,1.SJ Ibepatk artery pins portal vein), 5.4; 
01 tract - 2.5,1.25, 9.4; kidney - O.J, 1.25, J.7; muscle - J4.4.1.75, 2; fat - 10. 
0.2,0.5; brain -1.5,0.10, J.7; balance of versd-rkb troup - 0.65,0.55,0. Renal 
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clearance was esiaMhhed a* 0.2 l/min while (he hepatic clearance was varied br- 
Iwecn 0.64 ami I..1I l/min. The inhalation model included ihe assnmption that live 
bhiod/ga* pari Hum coefficient for nicotine h MM. I he only basis for litis assump¬ 
tion is Ihe recognition I Hat the coefficient must he very high. There is very little dif- 
fcrcnce in kinetic behavior from one very high coefficient to another, especially for 
a chemical with a short half-life. For cotininc, Ihc tissuc/plasma ratios «ere set at 
1.0 for all tissues; hepatic and renal clearance* were 0.055 and 0.011 l/min, respec¬ 
tively. 

The hasic nicotine and cot (nine modch were designed to produce data consistent 
with the human data reported for nicotine and cotininc by tlennwitr and cowmkets 
|4,5|. Tissuc/plasma ratios for nicotine were adapted from unpublished dal a from 
the rabbit and were kindly provided by Dr. Neil tlcnnwiiz. University of C alifornia 
at San Francisco. 

tl SUL1S ANII INHtnSNlN 

Certain of the pharmacokinetic data from the simulatiom arc shown in Figs. I 
through 4 and Table I. Simulation No. 1 (l ; ip. I) was a simulation of a study 
reported by llcmmit/. ct al. |4|. The effects of varying nicotine hepatic clearance on 
the nicotine and cotininc Mood leveb ami on the urinary excretion of both enttt- 
pounds are quite evident. It h hardly surprising that this occurs. Hut the simulations 
graphically demonstrate some important points on the use of nicotine or cotininc 
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on bihalatio* the less the net fractional absorption from subsequent exposure. H re¬ 
maim to be teen experimentally If the blood/gas partition cocflkicni used for 
nicotine it appropriate. However, the simulation clearly points out the necessity for 
having and applying this information. 
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INTRODUCTION 

E n vironmental tobacco smoke (ETS) h port of the more general problem of In¬ 
door air pollution |t|. Annoyance and Irritation of the mucous membranes of the 
eyes and the respiratory system following involuntary exposure to ETS were 
reported |2| as well as heart dise a se |)| and risk of hang cancer |4|. In a dosed space 
ETS, which was pointed out to be a mixture of SS and exhaled smoke |5|. con¬ 
stitutes an important source of podutkm. 
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AbttTSCt 

There !• Increasing interest In Injection of nicotine by von«mkin t 
end the popular asaueption is thee inhalation of tobacco omofco la the 
tele source of this alkaloid In body fluid* of non-eeokaro. However. 
eourcee other then tobacco (particularly dietary)' hove been largely 
overlooked. In the preisat study, we measured! nicotine levels Ik m* 
lout solanacsee (tomato, pepper end eggplant) utlUsing radloljamo- 
•tear in order to under*tend the role of thaae food eourcee In the in¬ 
jection of nicotine. Our findings shoved large quantities of nicotine 
In rife fruit, end even greater amounts In unripe fruit. 

Ratearch on the distribution of nicotine and Its metabolites Includes not 
only tobacco suckers who ear receive several emigrant of nicotine for day, but 
also non-emokera who nay Ingest traco quantit!at of the alkaloid through air eon- 
taalnatlon and non-tobacco sources. Comparative studies on the btodlapositionof 
nicotine In van and ether animal a has lad to an ongoing ml ora cion of aethods 
for measurement of nicotine and related coopounds. These methods range froo earl* 
paper chromatographic procedures through gas chromatographic, combined gar chroma¬ 
tographic-mass spec troee trie, ossa afeetreattrie, thin-layer, and high-performance 
chromatographic procedures (1-5). Concurrently, several radloiaeunoassave have 
been developed 1 for nicotine (4-11). A previous review compared some of the advent 
tagea and disadvantages associated with the various methods (12). 

to recent years, inter#it tn nicotine metabolism has bean etCaulated by in¬ 
creased consideration of the role ef nicotine ae a reinfercer in the habitual use 
of tobacco (13) and by studies oa the short half-life of elcotlne in human blood 
plaema (14-14). further, some nicatine metabolites appear physiologically to 
oppose or enheaee the effects of nteatine (1,17,11). Theee end other oonsidefetione 
hove contributed to the development of affective aethods for doteralalhg tovels of 
nicotine la bUloglfeol fluids. 

Limitations ond advantages of gat chromatography and combined gas chromato¬ 
graphy/met a spectrometry end other methods hsre been previously reviewed (3,12). 

4#cause of the speclficltv and sensitivity ef eueh assays, several re soar chore 
have Investigated various Immunological techniques far the rapid determination of 
at eat tee. Radio Immunoassay (RU) for alcottma hao W« developed (t,l4> # bat 
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coMreUl preparatione ef *A- or C-lab#lied nicotine of high specifU acti¬ 
vity hove bacons lncr»iiU|!y lurcii 12 5l.labelled nicotine ef high specific 
activity haa keen prepared (9), but it** ehelf-ilfe is chert and there la con¬ 
siderable lot-te-lot variation. 

Purlng the gee c tee dated ac metmi Iftve •tigs tor* have attested to relate 
the degree of exposure (le, light puffing re. deep Inhalation vt. 'facet**' coo¬ 
king free air contamination by non •cook era) to coeka free tobacco products, 
especially cigarette*, to the anewt of nicotine found in various tissues and 
; fluid* of the body. Aovat s r, too many Individual fee tore are involved for a pra- 

f * else correlation to be shown between levels of nicotine In blood and the degree 

jV te which tobacco cook* haa been inhaled. 

• * 

s* In order te obtain more accurate value* for half-life of nicotine in soakers 

and non-tookarc, ve vert led te etaoine various other sources ef nicotine, espec- 4 
lolly dietary sources euch ac colanaceae (ton*to, pepper and eggplant). Early l 
data on tha pretence of nicotine in tomato*a and eggplant* vaa highlighted at a y 
1944 •popealuo (4th Uennar-Cren tyopoalua, Stoekhold). It vaa pointedi out that 
the vide distribution of nicotine In plant notarial suggests that both tobacco 
uaara and abctalnera aneounter nicotine aa a dietary constituent. 


Haterlilt and Aathoda 

O' 

Praparetlon of Iwaunogena 

4- (c-aiatnoetprMldo cot lno. Xeabutylchlorofornate (1.32 ol; 10 one la) 

vaa added slowly to a cooled solution of 2.313 go (10 aviole) of c-bocCaprole acid 
and 1.4 ol (10 Mole) of trlothylaolho In 20 ol of dry toluene at *5°C. After 25 
minutes et this temperature, 1.25 wole of 4-am in©-DU nicotine in 9 ol of dry 
toluene vaa addad. tapId CO- evolution began, end the ratelion proceeded overnight 
ec rooo temperature. Trlechylamlne hydrochloride wee reec red by filtration end the 
telkiene vee reooved under reduced pressure. Ethyl acetate was added to tha yellow¬ 
ish oily product, which vaa vaehed four times withe aolutlon of 10* a ©divas bicar¬ 
bonate saturated In aodluo chloride, three times with distilled water, dried over 
anhydroua eodliaa eulfete and filtered. The solvent vat reooved under reduced 
preeaure ond the gw-llke product wee dissolved in ether, dried over Anhydrous 
aodluo eulfete, end yielded 1.41 go (44* yteld) of oily product upon rcoev a l of the 
solvent. Electrophoresis (CA t C0DA/C-A.A/AJ) 22.4/32.3/41, pH 5) indicated a trace 
of 4-aoino-Ot-nlcotlne in tho^predycrsMr ?CC1,,V 11 *0 , C-Ol, 1448, 1704, 1724, 

'*, C-OU 3220, 3439 and 3449 co* 1 'o, *Al. the 4.'c-amlnocaaramldo>-Dl-nlcotint 
vaa obtained by rooeval of the lee -group from A.fc-locCapr amide)-DUnlco tine ualna 
hvdregen chloride in tetrehydrofvroo. Qiemlcels were obtained froo Aldrich Cheml- 
cal C oopa n y. 

4-fc-amlnoeeormeldo)-PUnicotlno-k9A conjugate. A aolutlon of 1*2 og of If A 
in 3 ol of voter vaa added to a solution of 847 of 4-(cvaolnocaprcpldo>*8U 
n tee tine in Idol of voter «Alch «ee previously adjusted to pA 9 at rooo tempore* 
Cur*. . l-*thyl-(3.8-dloothvleotnoprop?l) cerbodllmlde hydrochloride (450 og) wee 
added In one portion to the above oolutlon with stirring. The pA of the reaction 
was maintained ot 5 through the first tv* Hours. An additional 490 og of carbo- 
dlUidt vaa added after one hour ond the reaction oivture vaa allowed to stand at 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnx0000 


CCTT8CC203 




A. Castro tad I. Hod Ji 


*3 


rooa taaporature for 72 hours. 7he conjugate vaa dial!tad for throe days Id 
0 Ut«r« of phosphate buffer (O.OlM, 7.0 pH) and finally on* day In aodlw 
chlorlde/phoaphatt buffer (O.OlM, 7.0 pg). (The buffer solution vaa changed 
tvlca dally)* It vaa found that the nlcotlne/BSA ratio vaa 11 baaadIon tracer 
•athod ealculatlona • 

Adulnistratlon of launcutne 

A tallDt suspension of antigen awuielfled vlth an equal voluwa of collet# 
fround'a adjuvant vaa injected Into A-lb (average) Nav Zealand rabbits and Into 
30*lb (average) goata• Tha schedule of injection In tha different groups vaa aa 
follows i: 


labblta . 4* (c-vt Ino capraoido)-Dl-nicotlne-ISA, 2 *g of eonJugata/rabbit 

In 1 o 1, In to* pada of all four foot (0.1 ot/alta); 2 weeks latar aach rabbit 
vaa injaetad in both hind lag* with 0.5 ol of tha evulsion (2 «g conjugate in * 

•5 ■! aallna and .5 ol of coop late Freund 11 b adjuvant)* TUo vaaka latar tha dose \ 

vaa repeated in both hind lag a and harvesting of antibodies vaa a tart ad one weak f 

after the third injaetlon. 

Coat a. 4-(c-aj»ln©capTaoldo)-DUnleotlna*0JA t 1 ag of conjugate/goat in 

1 »1, in hind lag; 2 vaaka latar each goat vaa gIvan a boottar in hind log; with 
0*5 ol of tha aaulaion (1 og conjugate in .5 ol aallna ond .5 ml of couplets 
Fraund’a adjuvant)* Two vaaka latar tha doaa vaa rapaatad in tha hind lag and 
harvaating of antibodlaa vaa acarted one vaak after the third injaetlon* 

gadlolaballad Uganda 

125 

Tha tyroalna ■ethyl eater conjugate of A^aothonleotlna labelled vlth X , 
vhlch haa bean previously described (19), vaa prepared in the research department 
of Onion Carbide Corp. 

Cross kaactlvlty Studltt 

Cross reactivity studies vara carried out by a oathod reported earlier (7). 

Percent cross reaction vaa calculated by the oathod of Abraham at ai (20)* Final 
entlstnm dilution* used vara 1:0000 (6-(c*ealnocapraaldo) nicotina-ISA. # 

Studfad Hat trie la 


u* evenIntd various aolanacaaa for nice tin* content* Neat of tha fraah 
vegetables vara obtained fro* tha University of Flbrlda Agricultural laaaareh 
Station, Homestead, ft. Tha canned product#, ripe beefsteak tomato**, ond egg* 
plant vara obtained In local supermarkets* Material vaa homogenised and tha nice* 
tine con tone vaa reported aa ng/g of vat weight* 


tarulta and Ptseusaton « 

Crosa-feectivltv atudiaa. Struttore and results of cross-reactivity studies for 
each of four antibodlaa are shown in Tab la l. Antlsanm 7 a Sowed the highest 
specificity to ft,S)->6-aetnonicotlfto (144t at 1 Hr and 1301 at 2* hr*), and during 
tha first hour vaa more ra active with (S)-nlcotin* than (ft)*niootUa. Slight croaa 


i 
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TABU I 

Crosereeetlvlty Studies on Antisera to tflcotlfte Produced to tabblts 
ond Coot* froo Conjugates of ISA and Functional!ted Nicotine 



Kalhttv. 

Crossreactlvitlee 

(X) after incubation 


UMlt* 

CMt*« 

Ligand 

l hr 

24 hr 

1 hr 

24 hr 

SMktMtiM (VI) 

100 

100 

100 

100 

l^nteattac (VI) 

n 

100 

107 

98 

t,S*>S-anihonlcetlne (I) 

u« 

151 

119 

310 

S«*1cotIne-N' -ox ids ( XV) 

2* 

17 

3.2 

314 

S-NlcetlM dlMthonlu. 

Iodide (III) 

0.1 

0.1 

0.1 

0.1 

S-NUotlne Isons thonlta 
Iodide (XIX) 

oa 

oa 

oa 

oa 

S-Cotlnlne (V) 

0.1 

oa 

0.1 

oa 

If methyl pyrrolidine (VXX) 

0.1 

•' .0 

.04 

oa 

3>4*>(e-Fyrldyl) 1 methyl* 
oolno-butyrlc acid (till) 

0.1 

0.1 

0.1 

oa 

S-hornitotlne (XX) 

0.8 

0.4 

0.3 

0.8 

l-Jt'.nltroaonor- 
nlcotlne (X) 

0.1 

oa 

0.1 

oa 

p-Aolnobontolc acid (XX) 

0.1 

oa 

0.1 

0.1 

• dWsettxed 8-amin©-nicotine conjugate 
*•6•examine-cap rami do nicotine 




In the United States, tomatoes ere second onlv to pototooa in toper tine* •• 

• table vt|ttibli. Creen tonatMi oro used In relishes and pick It preparations, 
and peppers art alto vidsly used. Effects of storage In Increasing or decrasslng 
nicotine!In tobacco have Wan studied in toot detail. Novavtr, changes In nlcotint 
tavals of foodstuffs during storage art not vail understood. Xn this study ve 
found nicotine in coMerclally canned too*toes and toast© paste at levels higher 
than those reported by oo for the vhole ripe fruit. 

It Should W noted that with agricultural products, composition is elgnlfl- 
eootly Influenced by strain, soil, fertiliser*, weather, degree of rtpenees. etc., 
oo that only* approximate values can W obtained* However, our studlas indicate 
that large quantities of nicotine can W acquired through diet* The relationship 
•t these finding* to human disease associated with nicotine requires further 
investigation. 
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“fcotino Coneont of Solonoctto 

Studied 
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Botfttotk too* to (rlpp) 

7*1 

St ltd tooato (rlpt) 

1*B 

loll p 0 PF*T (froth) 

5*7 

Hung^tt poppor (froth) 

5.7 

Floridt Bodt ?1021 tsoito ^grton) 

42*8 

Florida Dodt 7*021 tmto Moo) 

4*3 

FI 14&03 foatto fgroon) 

14.2 

FI 11403 tooate (rlpt) 

5.4 

FI otculonto 272441 'grotn) 

8*1 

FI oirculonito 272111 (rlpol 

5.3 

Button Coluoblt ^groon) 

25.5 

Station ColuBbla 'riot) 

3.3 

Cggoltnt 

100*0 

Eggplant (boilod) 

32.0 

Frogrotto purtt ttltodl poaldoto 


r po«l*d to**toot7 

52.0 

Hunt! to*ttto potto 

U.O 

Hunt* to*oto ttuco 

3.0 


^ 1 |/| Of wit woight honogonltod rogtttblt 


| JJ ruHM mi mil 2 M ,,wa * ,# WMW 
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• Flguro 1 

COMPARISON OF NICOTINE LEVELS 
SETWEEN UNIUPE 4*»m 1 ANO RIPE <«4l ERUIT 
^atf.imtNT TOMATO VARIETIES 
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NEVER SMOKER LUNG CANCER RISKS FROM 
EXPOSURE TO PARTICULATE TOBACCO SMOKE 
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The average particulate envnettf&eauf tobacco amoke <ET5) exposure oC sever and current smokers 
and the average King cancer mortality rate foe current avnokeTYit estimated from empirical data These 
estimates arc used in a linear downward extrapolation of the lung cancer risk/mg of paniculate ETS 
exposure for current smokers to calculate the avenge lung cancer risk for never smokers and the 
number of never smoker hmg cancer deaths (LCD) in the U.S. Hi 1960 from exposure to particulate 
ETS. The estimated average daily inhaled paniculate ETS exposure for never smokers is 0.62 mg/day 
for men and 0Jf mg/day for women. The average never smoker is estimaled to retain 1191 of the 
inhaled exposure, for a daily retained exposure of 0.07 mg for men and 0.03 mg for women. Other 
estimates are: a daily retained exposure for current smokers of 310 mg for men and 249 mg for women, 
a smoking-attributable hint cancer risk for eunent smokers in 1960 of 264 LCD/!00.000 men and 121 
LCD 100.000 women, and an annua) retained-exposure lung cancer risk for never smokers of 0.64 
LCDTOO.OOO men andlOJOlS LCD/100.000 women. These risks and exposures estimate 12 lung cancer 
deaths among never smokers from exposure to paniculate ETS 6 among the 11.96 million male never 
smokers and 4 among the 26.85 million female never smokers in the UiS. m 1960. Conversely, between 

655 and 3 l 610 never smoker lung cancer deaths are estimated from methods based on the average lung ^ 

cancer risk observed in epidemiological!studies of exposure to ETS. Three possible reasons for the * 

discrepancy between the exposure and risk-based estimates are discussed: the excess risks observed in 

epidemiological studies are to bias, the reUtionship between exposure and risk is supra)inear. or 

sidestream tobacco smoke is substantially more carcinogenic than an equivalent exposure to main - 

stream smoke. 


Introduction 

Never smokers can be passively exposed to tobacco 
smoke at work, at home, and in public areas such as 
shopping centers and restaurants, particularly if the 
ventilation is poor. Concern over the average never 
smoker's lung cancer risk from exposure to "environ¬ 
mental'* tobacco smoke (ETS ) has grown considerably 
since a 1981 study reported an association between 
lung cancer in nonsmokers and marriage to a smoker 
(Hirayama, 1981). Since then, other epidemiological 
studies of the association between lung cancer among 
nonsmokers and ETS exposure from living with a 
smoker have been conducted in Japan (Akiba naU 
1986), Greece (Trichopoulos et ah, 1983), Hong Kong 
(Chan & Fung, 1982; Koo rf of., 1985), Sweden (Pep 
shagen et ah, 1987), Great Britain (Gillis et at., 1984; 
Lee etah, 1986), and the U.S. (Garfinkel et ah , 1981; 
Correa etah. 1983; Buffler et ah, 1984; Rabat & Win¬ 
der, 1984; Garfinkel et a!., 1985; Dalager et ah, 1986; 
Brownson et ah, 1987; and Humble et a!., 1987), The 


•To whom all cormpondence should be addreited 


results of these studies have been used to estimate an 
average excess lung cancer risk for never smokers of 
309£ from ETS exposure (Blot A Fraumeni, 1986; 
NRC, 1986; Wald etah, 1986; Wigle et ah, 1987). Al¬ 
ternatively, the risk can be estimated I by downward! 
extrapolation techniques based on the lung cancer risk 
for current smokers and the average exposure of cur¬ 
rent and never smokers. The former method is a risk- 
based estimate whereas the Utter is an exposure-based 
estimate. 

Linear Extrapolation 

This study uses linear downward extrapolation to 
estimate the hing cancer risk and the number of U.S. 
lung cancer deaths for male and female never smokers 
in 1980 from exposure to ETS. The final estimate of 
the number of ETS-attributable never smoker lung 
cancer deaths reqqires four preliminary estimates: 

1. The number of never smokers at risk, 

2. The average tobacco smoke exposure of never 
smokers. 
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3. The average tobacco smoke exposure of current 
smokers, and 

4. The smoking-attributable lung cancer risk for cur¬ 
rent smokers. 

The lung cancer risk for never smokers is estimated by 
dividing the lung cancer risk for active smokers by the 
ratio of the a verage tobacco smoke exposure of smok¬ 
ers and never smokers. The estimated lung cancer risk 
for never smokers is then used to predict the number 
of ETS-attributable never smoker lung cancer deaths 
nv the U.S. in 1980. This is done by multiplying the 
estimated lung cancer risk for each sex by an estimate 
of the total U.S. population of never smokers of each 
sex > 35 years of age. Appendix A lists the equations 
and parameters used in the linear extrapolation estimate. 


Estimating the smoker/never smoker exposure ratio 
The major difficulty with the extrapolation method 
is to determine the smoker/never smoker exposure 
ratio. Ideally, the exposure ratio is based on carcino- 
genically equivalent exposures. such that one unit of 
exposure for a never smoker has the same lung cancer 
risk as one unit of exposure for an active smoker. 
However, no carcinogenically equivalent measure of 
exposure exists because smokers and never smokers 
inhale different types of tobacco smoke. Smokers 
mostly inhale mainstream smoke produced at tempera¬ 
tures above 600°C and then drawn through the ciga¬ 
rette and filler, whereas the ETS inhaled by never 
smokers consists mostly of sidestream smoke formed 
between puffs at 350°C and; partly , of exhaled main¬ 
stream smoke. Due to the different combustion tem¬ 
peratures,, the amount of specific carcinogens in 
mainstream and sidestream smoke differs. For exam¬ 
ple, measurements of two brands of modem filter ciga¬ 
rettes find that fresh sidestream smoke contains 42 
times more N-nitrosodimethylamine and 1.5 times 
more benzo(a)pyrene, but 15% less catechol (a major 
cocarcinogen (Hecht et at., 1981)) and 709? less 
N-nitrosonomicoline, by weight, than mainstream 
smoke (Adams et al., 1985). The problem of the rela¬ 
tive carcinogenicity of mainstream and sidestream 
smoke is exacerbated by the possibility of substantial 
differences in the composition of their gaseous and 
particulate phases; however, this has not been studied 
adequately. Overall, the relative carcinogenicity per 
unit weight of mainstream and sidestream smoke is not 
known; though there is some evidence to indicate that 
particulate sidestream smoke is more carcinogenic 
than mainstream smoke. An animal study cited by 
Wynder and Hoffman (1967) finds more skin cancers 
among shaved mice painted with paniculate side¬ 
stream versus mainstream condensates. A series of four 
Ames mutagenicity assays findtpaniculate sidestream 
smoke to be over ten times more mutagenic than an 
equivalent amount, by weight, of mainstream smoke in 


one test series, though there is little difference in the 
other three tests (Lofroth & Lazaridis, 1986). 

It) the absence of a measure of the carcinogenicity of 
mainstream and sidestream smoke.,this study uses the 
current and never smoker's retained exposure to par¬ 
ticulate ETS to estimate the smoker/never smoker ex¬ 
posure ratio. The exposure estimate adjusts for the 
dilution of sidestream smoke by ambient air. As a first 
approximation, the carcinogenicity of mainstream and 
sidestream particles is assumed to I* equal (the efTect 
of assuming % greater carcinogenicity for sidestream 
smoke is discussed later.) Exposure to the gas phase of 
mainstream and sidestream smoke is not included be¬ 
cause exposure to the gas phase, without concurrent 
exposure to tobacco smoke particulates. Has not been 
found to cause lung cancer (HofTmannrf al., 1978; SG, 
1982). However, it is possible that future research may 
establish a significant carcinogenic rote for the gas phase. 

The smoker/never smoker exposure ratio is also 
based bn the retained exposure (the amount of particu¬ 
late by weight deposited in the lungs) instead of the 
inhaled exposure; A significant proportion of the lattCT 
is immediately exhaled and, consequently,.has no ef¬ 
fect on carcinogenesis. Hiller et al. (1982) experit 
mentally determine in 11% paniculate retention rate 
for never smokers exposed to sidestream smoke; Simi* 
lar results have been found for other particulates in the 
size range of sidestream smoke (Davies et at , \972; 
Heyder, 1982). Conversely, the average active smoker 
retains between 47% and 96% of inhaled! mainstream 
smoke; with most estimates falling above 70% 
(Dalhamm. 1968; Hoegg. 1972; Com, 1974; First, 
1984). The higher depositionrale for active smokers is 
thought to result either from deeper inhalation (Muir, 
1974), hygroscopic growth and coagulation (Hiller et 
al.. 1982); or from: electrical charges ini mainstream 
smoke (Stober, 1984). 

ETS exposure and cotinine. Tobacco smoke expo¬ 
sure can also be determined from blood, urine or saliva 
levels of cotinine — a nicotine metabolite. Cotinine 
appears, at first; to be a more accurate measure of 
exposure than retained particles. The latter can only 
be indirectly estimated for never smokers from expo¬ 
sure to all respirable particles, which include dust, pol* 
ten, and other aerosols. In contrast, cotinine is an 
accurate and specilic indicator of tobacco smoke ex¬ 
posure because it is the only important source of expo¬ 
sure to nicotine. Cotinine also measures dose (the 
amount of a tobacco constituent metabolized by the 
body), whereas an estimate of retained panicles only 
measures exposure. Unfortunately, though several' 
studies show that cotinine levels in body fluids can. 
accurately differentiate between never smokers with 
high, moderate and low ETS expdSOttr (Jarvis et all. 
1984; 1985) or between nonsmokers and current smok¬ 
ers (Wald et al.. 1984), cotinine levels in never and' 
current smokers are not directly comparable. This is 
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Table I Estimated number of never, ex*. and current smokers » age J5 in 19*0 in the US* 



Men 


Wbmen 



Smokinf Status 

Number 

Percent 

NUmber 

Percent 

Total 

Never 

Ex 

Current 

TouJ 

11,960,000 

15.314.000 

16.965,000 

3?5SE555 

27.03 

$4.62 

$8.35 

mw 

28,146.000 

7.774*000 

15.201.000 

3i.Ui.W5 

55.66 

1500 

29 34 

TBT55 

40.806.000 

23.088.000 

$2,166,000 


•Based on U.S. Census figures for the total male and female population » IS yean of age 
OISDC. 19*1) and the percentage of never smokers, es-smoken and current tmoken of all 
races » 33 ftom the I97W19W National Health Interview Survey. 


partly because the half-life of cotinine is substantially 
shorter for current than never smokers (Kyerematen et 
a!.. 1982; Lynch; 1984; Sepkovic et ah, 1986), so that 
cotinine levels could underestimate the relative expo¬ 
sure received by the lungs of smokers. However, the 
major problem with using cotinine to determine rela¬ 
tive exposures is due to the occurrence of nicotine in a 
protonated form in the particulate phase of the main¬ 
stream smoke inhaled by smokers but in an unproton- 
ated form in the gas phase of the sidestream smoke 
inhaled by nonsmokers (Eudy et ah, 1986; 1ARC, 
1985). Consequently, cotinine or nicotine levels in 
smokers measure the lung’s particulate exposure, 
whereas these levels in nonsmokers largely measure 
nasal and pharyngeal exposure to gas phase con¬ 
stituents with a similar retention rate to that of 
nicotine. The two estimates of exposure are not com¬ 
parable because they differ both by site and type of 
exposure. Nonsmokers should also absorb a higher 
percentage of inhaled nicotine than smokers because 
the unprotonated nicotine of sidestream smoke is ab¬ 
sorbed more rapidly than the protonated nicotine of 
mainstream smoke (1ARC, 1985). 

Data Sources and Assumptions 

Though superficially simple, the calculation of each 
of the four preliminary estimates is based on a large 
number of estimated parameters. These parameters 
are obtained from published data and analyses of the 
1970 (NCHS, 1970) and 1979/1980 National Health 
Interview Surveys (NCHS, 1981). Due to the large 
sample size of the National Health Interview Surveys 
(the 1970 and 1979/1980 NHIS contain smoking data 
for a sample of 74,451 and 37,604 individuals * 17 
years of age, respectively); these surveys provide the 
best available estimates of the number of never, ex-, 
and current smokers by occupation, age, and sex (Ta¬ 
ble I). Studies of ambient particulate ETS levels in 
white-collar workplaces in the U.S. are identified from 
the Building Performance Database, an on-line 
database accessible through national data networks 
(Sterling et ah, 1985). Most of the identified studies 
were conducted by the National Institute for Occupa¬ 
tional Safety and Health; 


All four preliminary estimates are based on esti¬ 
mated average exposures and risks for never and cur¬ 
rent smokers in 1980. The best exposure-based risk 
estimate would compare cumulative lifetime exposure 
for never and ever smokers, because the lifetime expo¬ 
sure of many ex-smokers exceeds that of current 
smokers. Unfortunately, no cumulative lifetime expo¬ 
sure data for a representative sample of ever and never 
smokers exists. The estimated risk and the number of 
excess lung cancer deaths are given for never smokers 
age 35 and over because almost all lung cancer deaths 
occur in this age group. However, the average expo¬ 
sure is calculated for never smokers * 17 years of age. 
ETS exposure is more frequent among young adults 
(Friedman et at., 1983), and this early exposure could 
latently affect the lung cancer risk. ^ 

In addition to many minor assumptions Concerning 
the accuracy and representativeness of the data, the final 
estimate of the number of never smoker lung cancer 
deaths from exposure to paniculate ETS is based on 
four major assumptions: 

1. The carcinogenicity of tobacco smoke depends 
upon exposure to the paniculate phase, 

2. The lung cancer risk per unit exposure to main¬ 
stream and sidestream paniculate tobacco smoke is 
the same, 

3. The relationship between risk and each unit of ex¬ 
posure is approximately linear, and 

41 There is no low exposure threshold where the lung 
cancer risk falls to zero. 


Calculation of the Linear Extrapolation Estimate 

The following three sections calculate the average 
paniculate ETS exposure for never smokers and cur¬ 
rent smokers as well as the lung cancer risk for current 
smokers. The population of never smokers, estimated 
from the 1979/1980 National Health Interview Survey, 
is given in Table 1. 

Never Smoker's Average Particulate ETS Exposure 
Almost all paniculate ETS exposure occurs indoors 
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Tibk 2. Estimated time budgets (hounidayr in 1980 in the U S 


Local ion 

Women 

Men 

Housewives 

All 

Women 

All 

Men. 

In hornet (their own and other*) 

16.3 

14 II 

21.3 

18.6 

15,7 

Workplace 

4.7 

6.1 

00 

— 

— 

Places of business and other locations 

13 

114 

1.5 

1.5 

1.3 

Restaurants and bars 

03 

0.5 

0.1 

02 

04 

Outside of booses and in transit 

1.4 

30 

1.9 

30 

1.1 

30 

„ . >> 

— 


"The 1965 data from Szalai (19721 are adjusted to account for a 9* drop m the average hours 
worked between 1965 and 1960 (U5DC, 19811). The reduction in work time. 0 6 hours for 
■ten and 0.5 houn for women, is divided among the time spew m the four other locations. 
"No exposure is assumed for this category; 


because of low indoor ventilation rates and because 
adults spend over 85% of their time indoors (Szalai, 
1972). The average never smoker s exposure to par¬ 
ticulate ETS depends on 1) the average inhalation rate 
and, for each indoor location. 2) the time spent there. 
3) the average particulate ETS level, and 4): the pro¬ 
portion of never smokers exposed. 

1. Inhalation rate 

Data from Altman and Ditmer (1971) indicate an av¬ 
erage inhalation volume of 1.08 m’/hour for men and 
0.62 m’/hour for women, based on the average volume 
of air inhaled at rest and during light work. 

2. Time spent in five locations 

The results of a 1965 44-city time budget study (Szalai . 
1972) are used to estimate the average daily time spent 
by never smokers in five locations; home, work (in¬ 
cluding time before and after work and during lunch), 
places of business and other locations, restaurants and 
bars, and outside the home and in transit. The time 
spent in restaurants and bars is determined separately, 
because they sometimes have very high ambient par¬ 
ticulate ETS levels. Unfortunately , the original data do 
not permit dividing time into indoor and outdoor 
hours— time spent in both “pikers of business and 
other locations** and “outside of home and in transit** 
includes indoor and outdoor locations. To simplify 
matters, we assume that all time spent in “places of 
business and other locations** is indoor time where 
particulate ETS exposure occurs and all! time spent 
“outside of home and in transit*' is outdoor time with 
no paniculate ETS exposure. 

Table 2 estimates the average time spent in each 
location by employed men, employed women, and 
housewives. The time budget for housewives is used to 
estimate the time budget for a)) nonemployed men and 
women fnonemployed" includes individuals actively 
seeking work, homemakers, and retirees). Time spent 
in nonwork locations is adjusted for the proportion of 
nonemployed adults because, according to time budget 
results, housewives spend more time in places of busi¬ 


ness and less time in restaurants and bars than do em¬ 
ployed individuals. The 1979/1980 National Health 
interview Survey estimates that 19.1% of male and 
49.2% of femak never smokers are nonemployed. 
Table 2 also gives the employmeni»weighied time 
spent in each nonwork location. 

i. indoor particulate ETS levels 

Indoor particulate ETS exposure is indirectly esti* 
mated from on-site measurements of total or respirable 
suspended particles. This method requires an adjust¬ 
ment for background (nonsmoking-related) particulate 
levels. Background measurements should be taken in¬ 
doors when no one has smoked for several hours but 
when all other conditions are the same as during periods 
of smoking (these criteria are rarely met). If there are no 
indoor background measurements, outdoor measure¬ 
ments are used as a crude estimate of the indoor par¬ 
ticulate level in the absence of smoking. 

Estimated particulate ETS levels in restaurants and 
bars . The average particulate level (unadjusted for 
background levels) in 27 restaurants, bars and 
entertainment facilities is 0.30 mg/m 3 (see Table 3). 
The average indoor particulate ETS level, afteradjust¬ 
ing for the average background particulate level of 0.04 
mg/m 3 , is 0.26 mg/m 3 . 

Estimated particulate ETS levels in places of business. 
The estimated average particulate ETS level in offices 
(see below) is also used for the time budget category 
“places of business and other locations** (banks, 
shopping centers, etc ). 

Estimated paniculate ETS level i in the workplace . 
Workplace particulate levels are available for restau¬ 
rants, bars, offices, and service buildings. It is im¬ 
possible to estimate paniculate ETS exposures from 
paniculate levels in indoor blue-collar workplaces be¬ 
cause of high background particulate levels from 
industrial activities. The average particulate ETS ex¬ 
posure should be less Tot blue-collaFTKan white-collar 
never smokers because blue-collar workplaces, com¬ 
pared to offices, are better ventilated in order to re- 
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Table 3. Paniculate levels <mg/m*|m bars, restaurants and entertainment facilities in the U S 


Reference 

Premise 

Measurement 

Type 

# 

Mean 

Rackground 
(1 measurements) 

Cuddebackero/.. 1976 

2 Taverns 

TPM- 

5 

0445 

(none) 

Elliot A Rowe. 1975 

3 Arenas 

TPM 

19 

0.367 

0.07 <2 indoors) 

First, 1964 

3 Taverns 

WT 

ad 

0.543 

(none) 


3 Restaurants 

nd 

nd 

0.220 

(none) 

Repact A Lowrey, I960 

17 Entertainment 

RSP- 

20 

Oj243 

0.04 (4 indoors) 


facilities' 








Average:- 

0.30 



Adjusted lor background levels:' 

0.26 



•Total pmticuUte matter. 

*No data fjvcaj 

Three bars, seven restaurants, and ooe each of a lodge, bar and grin, firehouse bingo game, church bingo game, inn. 
bowling alley, end an arena. Active smoking occurred during the time of all measurements. 

"Respirable suspended panicle*. 

The average is determined by weighting for the number of premises in each study. 

‘Adjusted for Repace and Lowiey a (I960)background level of O W mg/m?. The background level of Edict and Rowe 
is not used because it is for vena* which make up only a small proportion of high etposure workplaces. 


duce dust and fume exposure and because smoking is 
prohibited in a higher percentage of blue-collar work¬ 
places (NICSH, 1978). However, we assume that ex¬ 
posed blue-collar workers receive the same paniculate 
ETS exposure as white-collar office workers. 

Table 4 summarizes the results of twenty studies of 
paniculate levels in office or service buildings in the 
US. The mean total and respirable paniculate levels 
are 0.08 mg/m 3 and 0.068 mg/m 3 , respectively. The 
overall mean particulate level, ignoring the difference 
between total and respirable particulates, is 0.076 
mg/m 3 : The mean level, limited to twelve studies 
where active smoking was reported to occur during the 
time of measurement, is also 0.076 mg/m 3 . 

Outdoor background levels, reported by seven 
studies, average 0.053 mg/m 3 and range from 0.01 to 
0.1 mg/m 3 . The indoor background level in the absence 
of active smoking is 0.035 mg/m 3 in two studies of 
offices (Parker ft ah, 1983; Collett, 1985) and 0.037 
mg/m 3 in one study of an office and two libraries (Re¬ 
pace and Lowrcy, 1980). 

The minimum background outdoor particulate level 
of 0,01 mg/m’ is used to conservatively estimate the 
indoor particulate ETS Ifevel because indoor p&rticut 
late levels for 13 studies are below the outdoor average 
of 0i053 mg/m 3 while in eight studies the indoor par¬ 
ticulate level is below the indoor background level of 
approximately 0.035 mg/m 3 . Therefore, up to 0.066 
mgfo 3 (0.07Mk01) of airborne particles in office and 
service buildings could be from tobacco smoke, as¬ 
suming no other indoor sources of particles. 

Estimated particulate ETS levels in residences. Five 
field studies measure the effect of at least one smoker 
on the 24-houT particulate level in residences. Table 5 
shows that one smoker increases the hourly particular 
level over background levels (homes with no smokers) 


by an average of 0.015 mg/m 3 , while two smokers in¬ 
crease the particulate kvel by an average of 0.042 
mg/m 3 . The latter average is assumed to represent all 
residences with two or more smokers. 

The average home exposure is weighted by the pro¬ 
portion of never smoking respondents to the 1970 Na¬ 
tional Health Interview Survey who reported living 
with one versus two or more smokers. The weighted 
average hourly paniculate ETS level in the residences 
of never smokers is approximately 0.02 mg/rf 3 for both 
sexes. 

4. Proportion of never smokers exposed in each 
location 

All never smokers are assumed to be exposed in 
“restaurants and bars' 4 and “places of business and 
other locations/ 4 The proportion exposed at work is 
estimated from the occupational distribution of never 
smokers while the proportion exposed at home is esti¬ 
mated from the proportion of never smokers who ret 
port living with a current smoker (spouse, relative, 
friend, etc ). 

Proportion of never smokers exposed at work-. Table 
6 gives the 1979/1980 National Health Interview Sur¬ 
vey employment distribution of never smokers age 17 
and older. Occupations are grouped by the likelihood 
of particulate ETS exposure. Students are categorized 
as working in indoor white-collar environments, while 
blue-collar workers are separated into outdoor and in¬ 
door workers. All white-collar, indoor blue-collar, and 
restaurant and bar employees are assumed to be ex¬ 
posed to particulate ETS at work, while nonemployed 
individuals and outdoor workerrare assumed to re¬ 
ceive no workplace exposure. In total, 66.7% of all 
male and 49.3# of all female never smokers are esti¬ 
mated to be exposed to paniculate ETS at work. 
Proportion of never smokers exposed at home. The 
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Table 4 Paniculate kvels (mg/m*> in while-collar workplaces in the U.S 


Building Measurement 


Reference 

Use 

Smoking - 

Employees 1 * 

Typt 

# 

Length 

Date 

Mean 

Blake ci at.. 1981 

Store 

nd 

nd 

TPM 

to 

nd 

Nov/79 

0019 

Chrosiek. 1979 

Office 

nd 

30 

RSP 

1 

7 hr 

May/79 

0.030 

Chrosiek A Mo shell. 

Office 

nd 

100 

TPM 

5 

1 hr 

Aug/81 

0.120 

1982 

Collett. 1985 

Office 

Y 

6* 

RSP 

8 

40 min 

Jut/85 

0 050 

Cornwell rt «/.. 1981 

Office 

Y 

>100 

RSP 

28 

2 min 

Nov/80 

0 048 

Gorman. 1980 

Office 

nd 

6 

TPM 

nd 

nd 

Jul/80 

o ir 

Gunter A Thobum. 

Office 

nd' 

nd 

TPM" 

7 

6.5 hr 

Nov/84 

0 164 

1985 

Hicks. 1981a 

Office 

Y 

nd 

nd 

3 

nd 

Mar/80 

0 047 

Hicks. 1981b 

Office 

nd 

40 

TPM 

2 

6 hr 

Dec/80 

0055 

Hodgson A Morley . 

Office 

nd 

41 

RSP 

3 

nd 

Mkr/83 

0025 

1983 

Holleu. 1979 

Office 

nd 

nd 

TPM 

21 

nd 

Jul/79 

0 143 h 

Moschandreas rt at .. 

Office 

Y 

150 

TPM 

3 

24 hr 

nd 

0.030 1 

1980 

Office 

Y 

100 

TPM 

3 

24 hr 

ndi 

0 038 

Neal vtaL. 1978 

Hospital 

Y 

nd 

TPM 

41 

48/hr 

Aug-Feb 

0.030 

Parker <7 <//. 1983 

Office 

Y 

100 

TPM 

2 

8 hr 

Feb/83 

0:032 


Office 

Y 

16 

TPM 

3 

8 hr 

Feb/83 

0094 

Repace A Lowrcy. 

1980 

Hospital 

waiting 

room 

Y 

nd 

RSP 

1 

12 min 

Mar 

0 187 

Salisbury. 1979 

Stock 

Exchange 

Y 

nd 

TPM 

3 

5 hr 

Oct/78 

0.287 

Salisbury rt *1 .1982 

Office 

Y 

500 

TPM 

8 

6 hr 

Mar/8! 

0 038 

Than. 1980 

Office 

nd 

100 

TPM 

2 

7 hr 

J un/80 

0.060 

Thompson rt at.. 1973 

2 stores 

nd 

nd 

TPM 

nd 

nd 

Nov/71 

0.083 

Tunelno/.. 1981 

Office 

Y 

nd 

TPM 

nd 

12 hr 

nd 

Avenge: 

0.031 

0.076 


Adjusted for Background Level (see text!: 0.066 


•Active smoking while paniculate levels were sampled. 

•On the floorts) where measurements taken: 
r Respirable suspended panicles. 

*ln immediate area of sampler, two of the six staff were smokers. 
"Close to office copier. 

040 dau given. 

•Total paniculate matter. 

•Major construction site across the street. 

♦Based on 24 hour sample. Maximum recorded 0j0$7 mg/m\ 
J Based on 24 hour sample. Maximum recorded 0.130 mg/m 5 . 


Table 5. Effect of smoking on 24-hour respirable suspended particle (RSPl levels (mg/m'l Hi residences 

in the U.S. 



Mean RSP Level in Homes with 

Increase due to 

Reference 

No Smokers 

1 Smoker 

2 Smokers 

1 Smoker 

2 Smokers 

Spengler er«/. . 1981 

0.024 

0.037 

0.052 

0.012 

0027 

EPRI. 1984 

0.024 

0.043 

0.073 

0.019 

0.051 

Hosein A Corey, 1986* 

0.038 

0.053 

0.060 

0.015 

0.042 

Lebowiu rt al.. 1984 

0.018 

0:033** 

— 

0.015 

— 

Spcngter rt a/.. 1985 

0.026 


0.074' 

Avenge: 

0.015 

0.046 

0:042 


•Average of reponed winter and summer means. 

•Number of resident smokers not given in reference. The results have been assigned to the most probable 
category, on the basis of the results of the other studies. 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnxOOOO 
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Table 6.1979/1980 National Health Interview Survey estimate of the 
occupational distribution of never smokers. » age 17 in the U.S. 


Occupation 

Men (*/*) 

Women i%) 

Indoor white-coliar' 

43.3 

41 0 

Indoor blue-collar'' 

21.6 

62 

Restaurants and bars' 

18 

2.1 

Outdoor workers* 

14.2 

1.5 

Not employed f 

191 

49.2 


TETa 

T551T 


•includes students and professional, managerial, technical, clerical 
and service occupations 

•Includes industrial and warehousing occupations. 

'Includes waiters :and waitresses, entertainers, bartenders, busboyt. 
recreation and amusement attendants. pub and food service work* 
ers. 

•includes construction, agriculture, forestry and fishing occupa¬ 
tions. 

'Includes retired, homemakers and unemployed. 

1970 National Health Interview Survey estimates that 
29.6% of male and 35.7% of female never smokers age 
17 and over live with a current smoker. Since the 
1979/1980 National Health Interview Survey does not 
include smoking information for all household mem¬ 
bers. it cannot be used for this purpose. However, 
using data for 1970 should overestimate the proportion 
of ne ver smokers exposed at home in 1980 because the 
number of active smokers has declined 6% for men and 


2% for women between 1970 and 1980 (Weinkam & 
Sterling. 1987), 

Estimated panhulufr ETS exposure 

Tabic 7 summarizes the average never smoker's in¬ 
halation exposure to paniculate ETS. The average 
daily inhaled paniculate ETS exposure is 0.62 mg for 
male and 0.26 mg for female never smokers. The daily 
retained paniculate ETS exposure, based on an 11% 
retention rate, is 0:07 mg for male and 0:03 mg for 
female never smokers. 

Current Smoker a Average Exposure 

The average smoker's daily exposure to particulate 
tobacco smoke is assumed to equal the average 
number of cigarettes per day consumed multiplied by 
the average tar delivery per cigarette. For simplicity, 
the current smoker's paniculate ETS exposure is not 
included because it is only a small fraction of the cur¬ 
rent smoker s tola! paniculate tobacco smoke expo¬ 
sure. An average consumption of 29.3 cigarettes per 
day for current smokers is calculated' by dividing the 
1979/1980 average of 626.5 billion cigarettes sold in the 
IKS. (Maxwell. 1981!) by the 1979/1980 National 
Health Interview Survey estimate of S8.5 million cur¬ 
rent smokers age 17 and over. The average of 29.3 
cigarettes per day is used for both sexes because there 
is little difference in the 1979/1980 National Health 


* 


Table 7. Estimate of the average never smokers inhalation exposure of paniculate environmental tobacco smoke (ET^) 

(mg/dayi in I960 in the U.S 


Location 

Respiration 

Rate/hour 

Ambient 
ETS mg/m 3 

Hours of 
Exposure 

Proportion 

Exposed 

Weighted 

Exposure 

Men 

Home 

1.06 

0.02 

15.7 

0.296 

0100 

Rest/Barf 

1.06 

0.26 

0.4 

1.000 

0112 

Other* 

1.06 

0.066 

1.3 

1.000 

• 093 

Work 

White-collar 

1 06 

0.066 

6 1 

0433 

• IN 

Blue-collar 

106 

0.066 

6 1 

0.216 

0.094 

Rest/Bar 

L06 

0.26 

6.1 

0 018 

0.031 

No Workplace Exposure* 

“■ 

— 


0 333 

0.000 

Tout 0.61 

Women 

Home 

0.62 

0.02 

11.6 

0.357 

0.012 

Rest/Bar 

0.62 

0 26 

0.2 

1.000 

0 . 0)2 

Other 

0.62 

0j066 

U 

1.000 

0.06] 

Work 

White-collar 

0.62 

0.066 

4.7 

0.410 

0.079 

Blue-collar 

0.62 

O 1 O 66 

4'7 

0.062 

0.012 

Res l/Bar 

0 62 

0 . 2 ? 

4:7 

0.021 

0i0l6 

No Workplace Exposure 




0.501 

0 000 

Total 0.21 


•Restaurants and bare. 

•Places of business and ocher locations. 

'Unemployed, retired, homemakers, and outdoor workers. 


o 

10 

CO 

CO 

00 


rf* 

00 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnx0000 
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Table 8. National Mortality Followback Survey estimate of the number of lung 
cancer deaths (LCD) among never smokers in the U:S. in 1980 




Never Smokers 


A»c 

LCD/100.000- 

(100.000)'* 

Estimated LCD 


Men 


35-44 

2.3 

37.08 

85 3 

45-54 

3.5 

25 68 

899 

53-44 

334 

2291 

765 2 

65-74 

63 8 

19.80 

H263:2 

75-84 

87.9 

11.05 

971.3 

85 + 

100 .0' 

3.04 

304 0 

Toll!: 3.479 

Women 

35-44 

0.4 

62.60 

25.0 

45-54 

28 

61.30 

171.6 

55-64 

10.9 

6130 

668.2 

65-74 

18.7 

55.% 

1.046 5 

75-84 

48.4 

36.87 

1,784.5 

85 + 

60.0* 

10.27 

616.2 

Tou): 4:312 


•FromEnstrom A God ley (1980). 

•Estimated from the 1979/1980 National Health Interview Survey age distribution 
of never smokers of all races and the U.S. Census (USDC, 19821 estimate of the 
population in 1980. 

Estimated from the American Cancer Society study (Garfmkel. 198M as the rates 
for this age group were not given by the National Mortality Follow back Survey 
(Eitstrom A Godley, 1980k The American Cancer Society never smoker lung 
cancer rates are 94.8 for men and 52 4 for women 85-89 years of age. These rates 
are increased slightly to account for higher rates among people older than 89 and i 
for the higher incidence of occupational exposures for the entire U.S. population f 


Interview Survey estimate of the average consumption 
by sex; the average female smoker consumes 96# of 
the average for male smokers. 

The 1980 salts-weightedI average tar delivery per 
cigarette, excluding particulate nicotine, is 13:2 
mg/day (Tobacco Institute, 1981). This average is used 
in the risk estimates for men. However, data from the 
American Cancer Society study show that womenin- 
hale approximately 20# less than men (Hammond, 
1966). We assume that women in 1980 still inhale 20# 
less than men, and are thus exposed to 10.6 mg/day. 
The average daily paniculate tobacco smoke expo¬ 
sure is, consequently, 387 mg for male and 311 mg for 
femak smokers. The daily retained exposure, based 
on an 80# retention rate, is 310 mg for male and 249 
mg for female smokers, excluding exposure to ETS. 

Current Smoker's Average Lung Cancer Rate 

In 1980 there were 75,362 male and 28,210 female 
lung cancer deaths among individuals age 35 and over 
(NCHS, 1986 )j The number of lung cancer deaths 
among current smokers cannot be directly determined 
because the smoking status of decedents is not noted 
on death certificates. The number of current smoker 
lung cancer deaths from tobacco smoke exposure is 


obtained by subtracting, from the total number of lung 
cancer deaths, an estimate of the number of lung 
cancer deaths among never smokers, ex-smokers, and 
current smokers due to nonsmoking causes. 

Lung cancer deaths among never smokers 
Age-specific lung cancer death rates are available 
for white never smokers from the National Mortality 
Followback Survey (Ensirom & Godley, 1980). The 
use of these rates assumes indemical rates for non- 
whites and no change in the lung cancer death rate for 
never smokers between 1966-1968 and 1980. These lung 
cancer death rates, multiplied by the age-specific 
number of never smokers in 1980, estimate 3,479 male 
and 4312 female never smoker lung cancer deaths in 
the U.S. in 1980 (Table 8). 

Lung cancer deaths among ex-smokers 
The number of lung cancer deaths among the 23.09 
million ex'smokers in 1980 is estimated fromtht aver¬ 
age lung cancer relative risk for current versus ex¬ 
smokers in two cohort studies: the American Cancer 
Society study (Hammond. 1964) and the U.S. Veter¬ 
ans study (Rogot Si Murray, 1980k The male risk 
ratios are also used for women because none of the 
cohort studies reports the risk for all ex- and current 
female smokers. 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnx0000 
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Lung Cancer Risk for Never Smokers From 
Particulate ETS Exposure 


The average lung cancer risk for all current versus 
all ex-smokers is 2.26, based on a risk of 1.67 in the 
American Cancer Society study and 2.85 in the Veter¬ 
ans study. The average ratio of 2.26, combined with 
the 1979/1980 National Health Interview Survey esti¬ 
mates of the number of current and ex-smokers, pre¬ 
dicts 20,517 male and 4,410 female ex-smoker lung 
cancer deaths. 

The difference in the risks for ex-smokers compared 
to current smokers in the two studies is probably due 
to the higher percentage of long-term ex-smokers, with 
lower lung cancer rates than short-term ex-smokers, in 
the Veterans study. All ex-smokers in the Veterans 
study had not smoked for a minimum of twelve years 
compared to a minimum of 34 months for ex-smokers 
in the American Cancer Society study. The American 
Cancer Society results may be more appropriate here 
because the National Health Interview Survey esti¬ 
mate of the number of e x-smokers includes both short 
and long-term ex-smokers. 

Current smoker lung cancer deaths not attributable to 
smoking 

The number of nonsmoking-attributable current 
smoker hmg cancer deaths is estimated by assuming 
that smokers would!experience the mortality rates of 
the National Morality Followback Survey never 
smokers if they did not smoke. These mortality rates, 
applied to the 1979/1980 National Health Interview 
Survey estimate of the sex and age-specific population 
of current smokers, estimate 3,111 male and 1,094 
female lung cancer deaths. 

Smoking attributable lung cancer risk for current 
smokers 

The number of smoking-attributable Iting cancer 
deaths among male current smokers over 35 is 48,255, 
obtained from subtracting 3,479 never smoker, 20,517 
ex-smoker, and 3,111 nonsmoking-attributable lung 
cancer deaths among current smokers from the 1980 
total of 75,362 male lung cancer deaths. The same 
method estimates 18,394 smoking-attributable lung 
cancer deaths among female current smokers over 35 
in 1980. Given 16.965 million male and 15.201 million 
female current smokers over 35 in 1980, this estimates 
a smoking-attributable lung cancer risk of 284 lung 
cancer deaths (LCDyiOO.OOO male and 121 
LCD/100,000 female current smokers over age 35. Re¬ 
pace and Lowrey (1985) estimate a rate of 316 
LCD/100,000 male or female smokers for use in their 
linear extrapolation estimate. However, they assume 
that all smoking-attributable lung cancer deaths occur 
among current smokers only (no deaths among ex- 
smokers), they do not adjust for occupational or other 
causes of lung cancer among smokers, and they in¬ 
clude cancers of the larynx and other non-lung sites. 


The estimated daily retained exposure is 310 mg for 
male and 249 mg for female current smokers and 0.07 
mg for male and 0.03 mg for female never smokers. 

The male smoker's retained exposure is 4,429 times 
greater than the average male never smoker's tetained 
exposure. Given a smoking-attributable lung cancer 
death rate for male current smokers of 284 
LCD/100,000, the average nude never smoker's lung 
cancer risk is 0.064 LCD/100.000, which predicts ap¬ 
proximately 8 lung cancer deaths from exposure to 
particulate ETS among the 11,96 million male never 
smokers in 1980. The same method estimates a risk of 
0.015 LCD/100,000 female never smokers, which pre¬ 
dicts 4 lung cancer deaths from exposure to paniculate 
ETS among the 28,85 million female never smokers in 
1980. 

Reliability of the Estimate 

The linear extrapolation estimate of 12 never smoker 
hmg cancer deaths in 1980 from i exposure to panicu¬ 
late ETS is based on a large number of unverifiable 
assumptions and parameter estimates; Due to the large 
number of assumptions, it is neither meaningful nor 
possible to calculate upper and lower confidence lim¬ 
its. However, the reliability of each of the four pre¬ 
liminary estimates is assessed below. Evidence indi¬ 
cates that several of the preliminary estimates are I 
more likely to result in an overestimate rather than an 
underestimate of the true number of never smoker lung 
cancer deaths. However, a plausible upper estimate is 
calculated for three of the four preliminary estimates. 
These upper estimates are used to calculate a 
maximum final estimate, given the major assumptions 
of the linear extrapolation method. 

Number of Never Smokers 

The final estimate of the number of never smoker 
hmg cancer deaths increases if the estimated number 
of never smokers increases. The present estimate of 
11,96 million male and 28.85 million female never 
smokers is based on self-reported smoking status, and 
is probably an overestimate of the number of never 
smokers. Two-sfage interview studies show that ap¬ 
proximately S% of self-reponed never smokers are 
actually ex- or current smokers (NRC. 1986). For this 
reason, the estimated number of;never smokers is not 
increased when calculating the upper estimate. 


The estimated number of never smoker lung cancer 
deaths increases if the average never smoker's expo¬ 
sure increases. Several factors suggest that our esti¬ 
mated exposure overestimates the true exposure. For 

2023381150 1 


Never Smoker’s Average Exposure 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnx0000 



A Arundel. T. Sterling, and J. Wemkam 


418 

example , many of the measurements of total or respir¬ 
able panicles are for workplaces which probably had 
higher than average paniculate ETS levels. Most 
buildings in the Building Performance Database were 
studied in response to occupant complaints about 
"building illness" or poor indoor air quality. Even 
though tobacco smoke may not be an important factor 
in building illness (Sterling era!.. 1987), it could afTect 
the occupants* perception of the air quality and lead to 
more complaints in buildings with high versus low 
paniculate ETS levels. In addition, all indbor blue- and 
white-collar workers are assumed to be exposed to 
paniculate ETS at work, even though smoking is 
prohibited in 11% of white* and 28% of bhie-collar 
workplaces (NICSH, 1978). Interview studies also 
show lower workplace exposure rates than the esti¬ 
mated rate of 66.7% for male and 49.3% for female 
never smokers. For example, only 29.4% of the control 
group of female never smokers in a case-control study 
report workplace exposure during the past 25 years 
(Gaifinkel et al., 1985). In a 1979/1980 questionnaire 
survey of 37,881 never smokers, only 40;4% of both 
sexes combined reported ETS exposure in "small 
spaces" such as at work (Friedman et al 1983). 

Two field studies contain enough information to cal¬ 
culate the average inhaled particulate ETS exposure 
for men. Both of these studies estimate average par¬ 
ticulate ETS exposures that are within six percent of 
the comparable estimates given in Table 7. The studies 
use persona] monitors, carried by subjects for several 
days, to determine average exposures to respirahlfc 
suspended panicles. The difference between the aver¬ 
age personal I and background (outdoor) exposures to 
respirable suspended particles in a study of 48 sub¬ 
jects, none of whom live with a smoker, is 0.019 mg/m 3 
(Sexton e/ a/.. 1984). If particulate ETS accounts for 
all of the difference in respirable suspended particles, 
then the average 24-hour particulate ETS exposure at a 
male respiration rate of 1.08 m 3 /hour, is 0.49 mg/day. 
For comparison, our estimate of the average daily in¬ 
haled exposure of male never smokers with no home 
exposure is 0.52 mg/day (see Table 7). Spengler et al 
(1985) determine personal exposures to respirable sus¬ 
pended panicles for 101 volunteers in two industrial 
towns in Tennessee The difference between the aver¬ 
age personal exposure and the background (outdoor) 
level is 0.024 mg/m 3 . This predicts an average daily 
particulate ETS exposure of 0.62 mg/day, which is 
identical to our estimate for men. 

Repace and Lowrey (1985) estimate an average in¬ 
haled exposure for either sex of 1.43 mg/day, based on 
modeling indoor smoking; occupancy, and ventilation 
rates, which is 3*18: limes the average of our estit 
mates for men and women. There are several possi¬ 
ble causes for the difference. For example. Repace 
and Lowrey assume that alii never smokers are ac¬ 
tively employed and. therefore, possibly exposed at 


work. In contrast, the 1979/1980 National Health 
Interview Survey estimates that approximately 40% of 
all never smokers arc not employed. Furthermore, 
Repace and Lowrey calculate the average ambient 
ETS level in the workplace from the average of mod¬ 
eled levels in low-exposure and high-exposure work¬ 
places. Their model estimates an ambient paniculate 
level (from tobacco smoke alone) of 0.17 mg/m 3 for 
low-exposure workplaces such as offices and of 0.42 
mg/m? for high-exposure workplaces; The paniculate 
level for the latter is representative of measured levels 
m very smoky workplaces such as taverns, bars, and 
dance halls. The average for the two types of work¬ 
places is 0.30 mg/mV which is higher than all l of the 
measured levels for white-collar workplaces (see Table 
4) and higher than the average for restaurants, bars and 
other entertainment facilities (see Table 5). It may not 
be appropriate to average the estimate for low and 
high-exposure workplaces, because the 1979/1980 Na¬ 
tional Health Interview Survey estimates that approx¬ 
imately twenty times as many never smokers work in 
low-exposure workplaces such as offices than in high- 
exposure workplaces such as bars and taverns. 

There is no pUusible average upper estimate for the 
inhaled! exposure which is substantially greater than 
the estimates given in Table 7, which is also based on 
field measurements of ambient particulate levels. 
However, an arbitrary upper estimate can be made by 
dbubling the previous estimates. Thus, the upper in¬ 
haled estimates are 1.24 mg/day for male and 0.56 
mg/day for female never smokers. These give average 
retained exposures of 0.14 mg/day for male and 0.06 
mg day for female never smokers. 

Current Smoker s Average Exposure 

The estimated number of never smoker lung cancer 
deaths increases if the average smoker's true expo¬ 
sure, derived from the average tar delivery per ciga¬ 
rette multiplied by the average cigarette consumption, 
is less than estimated. 

The average tar delivery per cigarette is based on 
machine smoked deliveries; The machine smoking 
standard of one two-second 35 ml puff/minute was es¬ 
tablished over 30 years ago to reflect the smoking 
habits of that time . Since then, several studies indicate 
that smokers partially compensate for a decline in the 
nicotine delivery per cigarette by smoking each ciga¬ 
rette more intensely (Ashton et al., 1979; Heming et 
al 1981; Hill & Marquardt, 1980; Russell etaL. 1975). 
This is done by increasing the average puff frequency 
and/or volume or by inhaling more deeply. The prob¬ 
able increase in the intensity with which cigarettes are 
smoked indicates that the estimated exposure for curr 
rent smokers is more likely to Hintnrstimaie than 
overestimate the true exposure. 

Conversely, the average consumption of 29.3 ciga- 
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reties per day is based on sales data for the number of 
cigarettes sold in I960 divided by the 1979/1980 Na¬ 
tional Health Interview Survey estimate of the number 
of current smokers. Estimates based on interviews 
with current smokers are not used because smokers 
significantly underreport their cigarette consumption 
(Todd; 1978). However, the estimate of 29.3 cigarettes 
per day may be too high because the 1979/1980 Na¬ 
tional Health Interview Survey excludes smokers 
under age 17 and because some of the self-reported 
never and ex-smokers should be current smokers 
(NRG, 1986). If the probable increase in smoking in¬ 
tensity is ignored, an increase in the estimated number 
of current smokers by 10% (to account for smokers 
under age 17 and misclassified never smokers) de¬ 
creases the average daily retained exposure from 310 
mg to 283 mg for male and from 249 to 22B mg for 
female current smokers. This is further decreased to 
166 mg for male current smokers and to 134 mg for 
female current smokers by using the lowest experi¬ 
mentally determined particulate retention rate of 47% 
(First, 1984) instead of an 80% retention rate. 

Current Smoker's Average Lung Cancer Rate 

The estimated number of never smoker lung cancer 
deaths increases if the lung cancer risk for current 
smokers increases. This occurs if the estimated 
number of lung cancer deaths decreases among (I l ex- 
smokers, (2) never smokers, and (3) current smokers 
who die from causes other than smoking. This is calcu¬ 
lated for the latter two groups by using the American 
Cancer Society never smoker lung cancer death rates 
(Garflnkel, 1981) instead of the rates from the National 
Mortality Followback Survey. The American Cancer 
Society rates were not used before because they are 
for an unrepresentative group of mostly middle-class 
individuals (Hammond & Seidman, 1980), whereas the 
National Mortality Followback Survey rates are based 
on a representative sample of all never smoker lung 
cancer deaths. The number of ex-smoker lung cancer 
deaths is minimized if the ex-smoker/smoker mortality 
ratio from the Veterans study (Rogot & Murrey, 1980) 
isused instead of the average for the American Cancer 
Society and Veterans studies combined. 

These three changes increase the estimated number 
of current smoker lung cancer deaths from 48,233 to 
55,902 male deaths and from 18,394 to 19,954 female 
deaths. However, this only slightly alters the hmg 
cancer risk because the revised estimate of the average 
smoker's exposure depends upon increasing the 
number of smokers by 10%. Given a 10% increase in 
smokers, the lung cancer rate increases 3.6% to 300 
LCD/100,000 male never smokers, but falls 1.7% to 
119 LCD/100,000 female never smokers. 

The lung cancer death rate for female current smok¬ 
ers is substantially less than the rate for male current 


smokers. The difference could partly be caused by 
women inhaling less deeply than men or by smoking 
lower tar cigarettes. Alternatively , the lower mortality 
rate for women could reflect a shorter latency period 
because women, on average, took up smoking at a later 
date than men. An upper estimate of the King cancer 
death rate for female smokers can be adjusted for this by 
assuming that the risk/mg of exposure for women is 
equal to the risk/mg of exposure for men. This esti¬ 
mates a risk of 242 LCD/100,000 female smokers. 

Upper Risk Estimate 

The upper estimate is 62 lung cancer deaths among 
never smokers as a result of exposure to paniculate 
ETS. This is based on a lung cancer death rate of 300 
LCD/100.000 male and 242 LCD/100,000 female cur¬ 
rent smokers, an average retained exposure of: 166 
mg/day for male and 134 mg/day for female current 
smokers, and a retained exposure of 0.14 mg/day for 
male and 0.06 mg/day for female never smokers. 

Comparison with Other Estimates 

The linear extrapolation estimate of 12 deaths, or the 
upper linear extrapolation estimate of 62 never smoker 
lung cancer deaths, is substantially less than five alter¬ 
native estimates, ranging from 265 to 3,610 lung cancer 
deaths, given in Table 9. All of the alternative esti¬ 
mates use the National Health Interview Survey esti¬ 
mate of the number of never smokers * 37 years of 
age. Three of the alternatives are riskrbased estimates 
derived from the results of epidemiological studies: 
one from the difference in lung cancer mortality rates 
between Seventh-Day-Adventists and other never 
smokers (termed a phenomenological estimate by the 
authors), and the other two apply average geometric 
mean lung cancer risks observed: ini epidemiological 
studies to the population-attributable risk equation 
(Cole & MacMahon. 1971). The two remaining esti¬ 
mates are exposure-based estimates derived from 
smoker/never smoker exposure ratios and linear ex¬ 
trapolation. 

To a certain extent, differences among the various 
estimates are expected because each type of estimate 
(for example, linear extrapolation or population- 
attributable risk methods) requires different assump¬ 
tions and all estimates are only crude approximations 
without confidence limits. However, even if the confi¬ 
dence limits for all l estimates include all other esti¬ 
mates, this does not explain the 22- to 301 Told differ¬ 
ence between the linear extrapolation!estimate of 12 
lung cancer deaths and the other estimates. 

The previous discussion shows that the substantia): 
difference between our estimatemnd the alternative 
estimates cannot be adequately explained by errors in 
our estimates of the number of never smokers, the 
average exposure for current and never smokers, or 
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Table 9. Alternative estimates of the number of ETS-attributaWe never smoker lung cancer deaths {LCD) 
(both sexes combined! in 1980 in the U S 


Method 

Description 

Estimated 

LCDs 

Phenomenological 

Repace and Lowrey's (1965) sex and lage*specif>c difference in 
LCD rates between Seventh-Day-AdVentisi (SDA) and non- 
SDA never smokers it applied to the 1979/1980 National 

Health Interview Survey estimate of the U.S. population of 
never smokers by sex and age (Arundel rr el. 1986) 

3.6:10 

Linear Extrapolation 

Based or ETS Exposure 

Repace and Lowrey's (1985) estimate of 555 nonsmoker (never 
and ex~*mokcn combined) LCDs is adjusted for the National 
Heahh Interview Survey estimate of the percentage (63 .8791) i 
of nonsmokers that are never smokers. 

354 

Linear Extrapolation 

Baaed on Cotinmc Ratios 

The estimated smoking-attributable LCD rate for current 
smokers of 284 LCD/100.000 men and 121 LCD/100.000 
women is divided by the ratio of the weighted average urine 
cotinine level of 1483,7 ng/ml for smokers and 5.72 ng/ml for 
never smokers m four studies (Williams et al.. 1979; 
Kyerematene/o/.. 1982; Jarvis rr a/.. 1984; Wald et of.. 1984). 

265 

Population Attribuuble Risk (PAR) Estimates* 


RR is 1135 

RR it Wald s era/.. (1966) estimate of the geometric mean risk 
observed in 13 epidemiobgical studies from six countries. The 
risk is 1,53 for never smokers living with smokers and 1.16 for 
never smokers not living with smokers, after adjustment for 
the misclastification of 79* of ever smokers as never smokers 
and a relative difference in ETS exposure of 3.0 (Wald St 
Ritchie. 1984) for the two groups of never smokers, p is 0:249 
for male and 0.505 for female never smokers (see text). The 
average PAR is 0.21 for male and 0.26 for female never 
smokers. 

1.852 

RR is 1.14 

RR it the geometric mean risk observed in 5 epidemiological 
studies from the U.S i only (NRC. 1986) The risk is 1.16 for 
never smokers living with a smoker and 1L05 for never smokers 
living with never smokers after adjustment for a 
mitdasstfication rate of 69t, a risk for misclassified ever 
smokers of 2.0 and a threefold exposure difference for the two 
groups of never smokers, p is 0.249 for male and 0.505 for 
female never smokers. The average PAR is 0:072 for male and 
0.094 for female never smoker*: 

655 

The adjusted PAR equation (Eq. 5, p. 292* NRC, 1986) equals: 



p,(KK.H<l-p,K*K,) 


where p, is the proportion of never smokers who live with an ever smoker. RR is the risk for never smokers 
who kve with an ever smoker and RR t i% the risk for never smokers who live with never smokers The PAR x 
N. the total number of never smoker LCDs in 1960 (3,479 male. 4*312female (Table l))j gives the estimated 
number of never smoker King cancer deaths from ETS exposure. The estimates are calculated for each sex 
and then summed 


the lung cancer risk for current smokers. On the con¬ 
trary, there is also evidence to indicate that the esti¬ 
mate of 12 lung cancer deaths is too high. The differ¬ 
ence cannot be due to an error in the estimated number 
of never smokers because all estimates are based on 
the National Health Interview Survey estimate of the 
population of never smokers * 35 years of age. There 
are two possible explanations for the difference: either 
the alternative estimates given in Table 9 overestimate 
the true risk, or there are nutior problems with one or 


more of the four m^jor assumptions underlying the 
linear extrapolation estimate, which causes it to under¬ 
estimate the true risk. 

Alternative Estimates 

Several features of the two alternative linear esti¬ 
mates indicate that they could over estim ate the true 
risk. The estimate based on cotinine ratios assumes 
that cotinine levels in the blood or urine of smokers 
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and nonsmokers measure comparable exposures. As 
discussed earlier, this assumption is probably not 
valid. Gotinine in smokers measures the lung's expo¬ 
sure to particulate tobacco smoke, whereas cotinine in 
nonsmokers measures nasal and pharyngeal exposure 
to the gas phase. Neither the site nor type of exposure 
is comparable. Repace and Lowrey's (1985) linear ex¬ 
trapolation estimate could also overestimate the true 
risk from ETS exposure because it appears to overes¬ 
timate both the never smoker's average exposure and 
the average smoker's lung cancer risk. The method 
also uses the inhaled exposure instead of the retained 
exposure. 

The alternative risk-based estimates depend on 
epidemiological estimates of the lung cancer risk from 
ETS exposure. The phenomenological estimate is 
based on a risk of 1.73 for male and 2.54 for female 
never smokers, calculated from the difference in lung 
cancer mortality rales for Seventh-Day-Adventist 
nonsmokers and another group of nonsmokers. The 
method assumes that the Seventh-Day-Adventists re¬ 
ceived less exposure to ETS than the other group of 
nonsmokers. However, the mortality rates for the 
Seventh-Day-Adventists are based on only 15 female 
and 10 male deaths. Consequently, these rates are unt 
stable, with large fluctuations in the death rates instead 
of a consistent increase with each successive age 
group. These fluctuations could lead to an overesti¬ 
mate of the lung: cancer risk from ETS exposure 
(Arundel rial., 1986). 

The population-attributable risk estimates are based 
on only three parameters: the geometric mean lung 
cancer risk from ETS exposure, the proportion of 
never smokers exposed to ETS, and the number of 
never smokers at risk. The difference between the 
population-attributable risk and linear estimates can¬ 
not be attributed to errors in the estimated value of the 
number of never smokers at risk because this param¬ 
eter is also used in the linear estimate. Both methods 
also assume that all never smokers are exposed to 
ETS, though the population-attributable risk method 
calculates separate risks for the proportion of never 
smokers exposed to ETS at home and the proportion 
not exposedlat home. These proportions are derived 
from the 1970 National Health Interview Survey esti¬ 
mate that 24.991 of male and 50.591 of female never 
smokers age 35 and over live with a current or former 
smoker. 

The population-attributable risk method; based on a 
geometric mean risk of 1.35 from 13 epidemiological 
studies, estimates 1,852 lung cancer deaths in 1980 
among never smokers from exposure to ETS: The 
method is similar to that used by Robins (1986). Ro¬ 
bins' method estimates 1;807 lung cancer deaths in 
1980 among never smokers of both sexes from ETS 
exposure. 

The difference in the linear and population- 


attributable risk estimates could occur if all estimates 
of the geometric mean risk overestimate the true risk. 
Lee (1986) has shown that the misclassification ofever 
smokers as never smokers could result in an overesti- 
mate of the geometric mean risk. However,, the 
population-attributable risk estimates are adjusted for 
misclassification, though the misclassificationrate and 
the lung cancer risk for misclassified ever smokers is 
only crudely estimated . The geometric mean risk could 
also be biased by response or recall'bias in the case- 
control studies on which it is based or by differences in 
the age distribution of lung cancer cases in the 
epidemiological studies and the age distribution of 
never smokers in the 13 .S. Furthermore, the geometric 
mean risk is a crude risk; it is not adjusted for age or 
any other possible or established risk factor for lung 
cancer such as occupation, socioeconomic status, or 
diet. The lack of adjustment for other risk factors 
could bias the geometric mean risk either upward! or 
downwards. 

Assumptions of the Linear Estimate: 

Three of the four major assumptions of the linear 
extrapolation estimate can provide a plausible expla¬ 
nation of the difference between our estimate and the 
population-attributable risk estimates. The assumption 
of no low threshold; where the risk falls to zero, is 
irrelevant. The second assumption is that die dose- 
response relationship is linear. Tbe difference between i 
the estimates can be explained if the true dose- 
response relationship is nonlinear and convex, such: 
that one unit of exposure at low doses is substantially 
more carcinogenic than one unit of exposure at high 
doses. However, most dose-response studies of chem¬ 
ical carcinogens have found sublinear or; “hockey 
stick" shaped relationships between exposure and risk 
in which one unit of exposure at low doses results in a 
smaller increase in risk than one unfi of exposure at 
high doses (Hoel et al., 1983). The linear assumption is 
usually recommended as a > conservative estimate of 
risk because it is believed to err towards overestimat¬ 
ing the true risk (Anderson, 1983). 

The best fitting equation for the lung, cancer death 
rate per unit of exposure in a 1951-1971 cohort study 
of 34,440 British doctors is nonlinear and equal to 0.26 
(dose+6) 1 , where dose is the average number of 
British cigarettes smoked at the time of the study (Doll 
& Peto, 1978). This equation indicates that the linear 
assumption overestimates the risk from ETS expo¬ 
sure. For example, the sales-weighted average British 
cigarette between 1951 and 1971 delivered 29:9 mg of 
particulate tobacco smoke to the smoker (Wald ««/.. 
1981): An average inhaled exposure- for nude never 
smokers of 0.62 mg/day of particulate ETS (equivalent 
to 0.02 British cigaretles) results in an annual excess 
inhaled-exposure risk of 0.06 LCD/100,000 never 
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Table 10. Relative paniculkic tobacco smoke exposure for current and never 
amoktrs in 1955, 1968 and 1980 



1955 

1968 

1980 

Proportion of population that smoke* 

0,376 

0.386 

0.345 

Tobacco weight of an average cigarette 

1.12 

0.95 

0.80 

(grams)* 

Tar (including nicotine) delivery per 

40.1 

23.1 

14.2 

cigarette (mgV 

Ggarrttei/day (CPD) smoked by the 

26.2 

29.7 

29.3 

average smoker 4 

Never smoker's exposure index' 

11.0 

10.9 

8.1 

Smoker's daily exposure (mg) r 

10506 

686 1 

416,1 

Ratio of smoker's exposuretoever smoker's 

955 

62.9 

514 

exposure index 


•1935: * age 18<$G, 1979)* 1968: » I7(SG, 1979), I960: * 17 (1979/1960 National 
Health Interview Survey). 

WSDA. 1985). 

r l955 and 1968 (SG. 1981), I960 (Tobacco In it. 1961). 

•For 1935 and 1968* equals per capita (» 16) number of cigarettes sold (Table 1-h 
NRC. 1966)/proportion of population who amok e/365. For I960, equals the 
number of cigarettes sold/NationaJ Health Interview Survey estimate of the 
number of never smokers * 17. 

'Proportion of population that smoke x tobacco weight x CPD per smoker. 

•Tar delivery per cigarette x CPD. 

2.54 and 1.73, on which the phenomenological model 
is based* or the relative risks of 1.34 or 1,14 usediih 
the populationrattributable risk estimates, are far too 
high, in our opinion, a substantially greater car¬ 
cinogenicity for ETS versus mainstream smoke is the 
most plausible factor which could explain the large t 
difference between our linear estimate and the risk- 
based estimates, assuming that the latter estimates 
more clbsely approximate the tme risk. A supralinear 
relationship between exposure and risk could also ex¬ 
plain the difference, though this appears less probable. 
Otherwise, the risk-based estimatesmust substantially 
overestimate the true risk. Further research on the 
relative carcinogenicity of mainstream and sidestream 
smoke and the dose-response relationship for low ex¬ 
posures to tobacco smoke is necessary. 

Effect of Past Exposures 

One Anal problem needs to be addressed. The use of 
the average particulate ETS exposure for never smok¬ 
ers in 1980 will underestimate the average never 
smoker's risk if the smoker/never smoker exposure 
ratio was less in the past than in 1980, and if past 
exposures are more important in the development of 
hmg cancer than recent exposures. The Utter condit 
tion may not be tme: the lung cancer risk for ex¬ 
smokers declines with the number of years since smok¬ 
ing ceased (SO, 1979): The former condition can be 
examined by estimating the change in exposure over 
time. The average smoker's past exposure can be de¬ 
termined from the average cigarette consumption and 
the average paniculate delivery. Though the average 
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smokers. Adjusting for the retained exposure de¬ 
creases the risk to 0.008 LCD/100,000, which predicts 
1.4 lung cancer deaths among male never smokers 
compared to the linear estimate of 8 deaths. The same 
relative decline for female never smokers would esti¬ 
mate 0.9 female lung cancer deaths, for a combined 
minimum estimate of 2.3 lung cancer deaths in 1980. 

The other two assumptions of the linear estimate 
(equal risk per unit of exposure for smokers and never 
smokers, and that all risk is attributable to paniculate 
exposure) can be examined together. The difference 
between our estimate and the population-attributable 
risk estimates can be explained if ETS is substantially 
more carcinogenic per unit of exposure than main¬ 
stream smoke. The lowest alternative estimate of 265 
lung cancer deaths requires ETS to be as much as 22 
times more carcinogenic than mainstream smoke, the 
highest population-attributable risk estimate of 1,852 
lung cancer deaths requires ETS to be as much as 154 
times more carcinogenic, and the phenomenological 
estimate requires ETS to be as much as 301 times more 
carcinogenic. ETS could be more carcinogenic than 
mainstream smoke if there were substantial differ¬ 
ences in the chemical composition, deposition pattern, 
or deposition site of passively inhaled sidestream 
smoke versus actively inhaled mainstream smoke. 

The linear estimate is essentially based on a differ¬ 
ence in exposure between never and current smokers, 
while the phenomenological and population-attribu¬ 
table risk estimates art based on a difference in risk 
between never smokers with and without regular ex¬ 
posure to ETS. Given the large difference in the expo¬ 
sure of never and current smokers , the relative risks of 
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never smoker's past exposure cannot be estimated di¬ 
rectly, it is possible to construct a relative exposure 
index from annual data on the average amount of to¬ 
bacco in a cigarette, the percentage of the population 
that' smokes, and the average cigarettes per day 
smoked per smoker. 

Table 10 gives the average smoker's exposure as 
well as the average never smoker's exposure index for 
1955, 1968, and 1980. The smoker's exposure has de¬ 
clined^,49E since 1955 (mostly diie to increased filter 
use), whereas the never smoker's exposure index has 
declined only 26.4%. The faster decline for smokers 
means that the 1980 srooker/never smoker exposure 
ratio is less than the ratio in 1955 (Table 10) and that 
the 1980 risk estimate for never smokers should over¬ 
estimate the true risk based on a composite of past 
exposures. 

The estimated average paniculate ETS exposure for 
current smokers in 1980, based on machine-smoked 
particulate ETS deliveries, would overestimate the 
decline in the average smoker's exposure if each ciga¬ 
rette is smoked more intensely in 1980 than in 1955. 
However, the average smoker's exposure will decline 
faster than the never smoker's average exposure unt 
less the average particulate ETS deli very/cigarette in 
1980 is increased by 86% to 26.4 mg. An 86% average 
increase in the intensity with which each cigarette is 
smoked' is unlikely; experimental studies of smokers 
given cigarettes with substantially lower tar and nicotine 
deliveries than their usual brand find the intensity of 
smoking to increase by 33% to 66% (Heming era/., 
1981; Ashton et all, 1979). 
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Appendix: Equations and Parameters of the Linear Extrapolation Estimate 


Sever Smoker's Retained Particulate ETS Exposure: 

Exp N • NRR(ExpH 4 ExpR 4 ExpW 4 ExpO) 

where: 

H6me Exposure (ExpH) • R x LH * PH x AH 

Restaurant/Bar Exposure < ExpR ) - R x LR x PR x AR 

Work Exposure (ExpW) - R x LXW(PWW x AWW 4 
PBW x ABW 4 PRW x ARW) 

Other Exposure (ExpO) ■ R x LO x po x AO 

R - the respiration rate, Lx - the length of exposure in each 
location x. hr. «the proportion of never smokers exposed to 
paniculate ETS in each location or, Ax * the ambient particu¬ 
late ETS level in each location *, WW * white-collar work¬ 
place, BW » blue-collar workplace, KRR - the never 
smoker particulate ETS retention rate. 

Smoker's Retained Paniculate Tobacco Smoke Exposure: 
ExpSM - SMER(CPD x TAR) 

SMRR ■ the smoker particulate tobacco smoke retention 
rate, CPD » the average number of cigarettes smoked/ 
day/smoker, TAR - the average tar delivery/cigarette. 

Smoker's Lung Cancer Death (LCD) Rate: SMLCDR * 
100,000(NSMLCD/SMPQP) 

where: 


N5MLCD - TLCD - LCDN - LCDEX - LCDSM 

NSMLCD * the number of smoking-attributable LCDs 
among current smokers, SMPQP » the iota) number of cur¬ 
rent smokers, TLCD » the total number of LCDs in 1980, 
LCDN * number of LCDs which occurred among never 
smokers, LCDEX » number of LCDs which occurred 
among ex-smokers, LCDSM » number of LCDs which oc¬ 
curred among smokers from nonsmoking causes. 

where: 

LCDEX - (TLCD - LCDN«1 4 NCS/NES x 2.26) 
where: 

NCS - the number of current smokers, NES »the number 
of ex-smokers. 

Never Smoker's LCD Rate: NLCDR * 
SMLCDRAExpSM/ExpN) 

SMLCDR - the LCD rate per 100,000 smokers, ExpSM - 
average smoker's paniculate tobacco smoke exposure, 
ExpN !■ average never smoker's particulate ETS exposure. 

Number of Never Smoker Lung Cancer Deaths from ETS 
Exposure: • (NPOP/100,000)NLCDR P 

NPOP - number of never smokers, NLCDR * the lung 
cancer death rate per 100,000 never smokers. 
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BIOLOGICAL EFFECTS 
AFTER EXPOSURE TO ETS 


by FRANZ ADLKOFER 


Prof. Dr med. Franz Adlkofcr, botn in 1935^ studied medicine at Munich University. In 1965 he obtained the de¬ 
gree of Doctor of Medicine at the Max-Plaock-Institute of Biochemistry in Munich. From 1960 to 1976 he worked 
at Klinikum SugJitz, Free University of Berlin and was acknowledged as a specialist in internal medicine. In 1974 
he spent a sabbatical year at the Nuffield Department of Biochemistry at Oxford University, UX In 1980 he was 
appointed Professor of Internal Medicine at the Free University of Berlin. In 1976 he became Director of the Scien¬ 
tific Department at the Verband der Cipreiten Industrie, Hamburg and at the «me time Scientific Secretary to 
the Research Council on Smoking and Health, Hamburg. He has held these posts since then. He lectures on en¬ 
vironmental toxicology at the Free University of Berlin. 


The “passive smoking’ issue has given rise to much public controversy 
in both the USA and in Europe. This is mostly diie to the fact dial the present 
state of knowledge does not permit a precise risk evaluation of passive smok¬ 
ing. In my view, however, it is sufficient to give an idea of the extent of the 
problem. 

I do not intend to deal with the annoying effects of passive smoking - 
they are beyond doubt- nor will I concentrate on the question of whether 
passive smoking may be involved in the development of lung disease and 
coronary heart disease, as has been suggested on some occasions. My inten¬ 
tion is to investigate the hypothesis that passive smoking may play a role in 
the development of cancer. 

The following conclusions were drawn by an 1ARC Working Group on 
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the Evaluation of the Carcinogenic Risk of Chemicals in Humans at their 
meeting in Lyon in February 1985 (1): 

"The observations on non-smokers that have been made so far are com¬ 
patible with either an increased risk from ‘passive’ smoking or an absence of 
risk. Knowledge of the nature of sidestream and mainstream smoke, of the 
materials absorbed during ‘passive’ smoking, and of the quantitative relation¬ 
ship between dose and effect that are commonly observed from exposure to 
carcinogens, however, leads to the conclusion that passive smoking gives rise 
to some risk of cancer." 

This statement reflects the uncertainty of scientists who have given 
serious thought to the issue of passive smoking. In the light of this uncertain¬ 
ty it is not surprising that there are. conflicting views on the subject. On the 
one hand, according to a recent statement by a well-known German 
toxicologist, tobacco smoke is the most dangerous mixture of toxic com¬ 
pounds for man in the indoor environment (2). On the other hand! this issue 
is not considered relevant enough to justify spending time or money on its 
solution. This conclusion may be drawn from an analysis of passive smoking 
which another well-known German toxicologist published only a few days 
ago (3). 

The following comments will concentrate on the effects of passive smok¬ 
ing from a toxicological point of view. In this connection we should examine 
to what extent current toxicological data confirms the view of the Lyon work¬ 
ing group that, irrespective of the epidemiological data, it is more plausible 
to assume a slightly elevated risk from passive smoking than the alternative, 
namely that there is no risk at all. The logic behind the argument that a risk 
exists is simple, if not simplistic. 


- If smoking causes cancer and other diseases, the same would apply to 
passive smoking; after all there is no doubt that ETS is tobacco smoke 
as well. 

- Tobacco smoke contains genotoxic, i.e. carcinogenic substances; there¬ 
fore their mere presence is assumed to indicate risk, because no 
threshold values have been accepted for such substances so far. 

Before dealing with these points, which are the key arguments put for¬ 
ward in this debate, I would like to define some of the terms necessary for 
an understanding of the factors involved (4). 
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- Mainstream smoke (MS) is produced at the burning end ofthe cigarette 
at temperatures of about 800*900 °C, drawn through the cigarette and 
inhaled by the smoker. 

• Sidestream smoke (SS) is formed between puffs at the burning end of 
the cigarette at a temperature of 600 °C. 

- Environmental tobacco smoke (ETS) is a mixture of approximately 
15-20% of the exhaled mainstream smoke and 80-85% of sidestream 
smoke. 


1. EXTRAPOLATION OF THE RISK INVOLVED IN PASSIVE SMOK- 
ING ON THE BASIS OF THE RISK DUE TO SMOKING 

Tobacco smoke can be divided into the gaseous phase and I particulate 
matter. Some of the main substances present in the gaseous phase of 
mainstream and sidestream smoke and of course in smoke-polluted air are 
listed in Table 1. Except for nicotine, which is tobacco-specific, all these sub¬ 
stances are commonly found in the environment and originate from sources 
other than tobacco smoke. The same is true of benzene and volatile 
nitrosamines, which are carcinoge nic compounds. The concentration of these 
toxic substances increases more or less in proportion to the number of cigaret¬ 
tes, cigars or pipes smoked and in relation to the room dimensions and its 
ventilation (4,5). 

Table 2 shows substances or groups of substances present in the gaseous 
phase of mainstream and sidestream smoke as well as in smoky room air. 
These include, for example, the polycyclic aromatic hydrocarbons (PAH) 
which are normally found in the environment -the best known of these is 
BaP- and tobacco-specific nitrosamines (TSNA). The latter are found only 
in tobacco smoke. Animal experiments have shown that PaH and TSNA are 
definite carcinogens. As can be seen from Table 2, there is no doubt that 
ETS contains toxic substances some of which are mutagenic and carcinogenic: 
these are inhaled with smoke-polluted air (4,5). 

The question inevitably arises whether the amounts of substances in¬ 
haled by passive smoking are sufficient to cause disease.Table 3 shows the 
amounts calculated for some of the main volatile and partide-boundi sub¬ 
stances and groups of substances. The column on the left gives an estimate 
of the amount of these substances deposited in the respiratory tract by smok- 
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Table 1 

Substances of importance in the gaseous phase of mainstream smoke (MS) and 
sidestream smoke of cigarettes (SS) and in room air under realistic conditions 



MS 


SS 


Concentration range 


(rangt/tigaratt*) 


In room air 

Carbon monoxide (CO) 

2 - 20 

mg 

46-611 

mg 

3-20 

ppm 

Nitrogen oxide (NO) 

0 07 - 0.17 

mg 

1.6-3 

mg 

50 - 200 

PPb 

Nitrogen dioxide (NO a ) 

n.n. 


016 

mg 

10-70 

PPb 

Ammonia (NH,) 

50 

Mg 

5,300- 8.500 

M9 

100-450 

jigAn* 

Hydrogen cyanide (HCN) 

150 • 550 

Mg 

100 - 250 

M9 

10-120 

/ig/rtv 

Formaldehyde 

20-90 . 

Mg 

450-1,500 

MQ 

20-100 

fig/nv 

Acetic aldehyde 

IB • 1,400 

M9 

2.400 

Mg 

400-500 

#ig/rrr 

Acrolein 

25-140 

M9 

925 

MB 

15-25 

pg/m : 

Nicotine* 

(0.5-2 

mg] 

3-4 

mg 

20' 100 

Mg/m; 

Benzene 

10 -100 

M9 

488 

Mgi 

5-16 

Mg/w 

Volatile Nitrosamines: 







NOMA 

0.2-20 

ng 

155-398 

ng 

5-70 

ng/nrv 

NPYR 

2.4-29 

ng 

7-150 

ng 

1-5 

ng/m : 


*Nicotine is a constituent of particulate matter in mainstream smoke. 



Table 2 



Substances of importance in the particulate matter of mainstream smoke (MS) 

and sidestream smoke of cigarettes (SS) andlin room air undfer realistic conditions 


MS 

SS 

Concentration range 


(range/cigarette) 

In room air 

Particles (TPM) 

5 - 30 mg 

20 • 50 mg 

0.1 • 0.5 mg/m 3 

Nicotine* 

0.5 - 2 mg 

(3 - 4 mg] 

[20 • lOOpg/m*) 

Phenol 

10 •130pg 

270 - 320pg 

<1-20 pg/m 5 

Tobacco-specific Nitrosamines: 




NNN 

0.2 - 6.5 pg 

0.15-6 pg 

<1*6 ng/m* 

NNK 

0.1 -4.2 pg 

0.2 - 0.8 M 9 

< 2 - 111 ng/m 3 

Benzols) pyrene 

10 - 50 ng 

25 - 103 ng 

3 - 25 ng/m 3 

Cadmium 

100 ng 

430 - 720 ng 

9 * 31 ng/m 3 

* Nicotine is a constituent of the gaseous phase in sidestream smoke and in 

room air* 
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mg 20 cigarettes, i.e. the average daily consumption. An estimated:deposi¬ 
tion rate for the same substances taken up into the lungs during an 8-hour 
exposure to tobacco smoke is shown in the middle column. The right column 
gives the factor indicating how much more of these substances has been taken 
up by active smoking as compared to passive smoking.What is striking is that 
the amount of gaseous phase substances inhaled by the smoker is certainly 
much higher than that taken up by the passive smoker. The fact that the 
smoker himself is the heaviest passive smoker has not been taken into ac¬ 
count in this estimate. Notwithstanding this fact, the difference is less than 
one order of magnitude. With regard to the particle phase there is a much 
greater difference. The amount of particulate matter inhaled during smok¬ 
ing is up to 1000 times the amount taken up from passive smoking. It should 
be noted here that our calculations are in line with those of American authors 
(6). According to their estimates, the average daily uptake of particles 
amounts to 310 mg for male smokers while male passive smokers take up 
less than one in four thousand of this amount. In female smokers the respec¬ 
tive figures are somewhat lower, but the factors remain unchanged. 

As we have already seen from Table 3, considerable problems arise 
when one tries to extrapolate the risk of passive smoking on the basis of the 
health risk associated with smoking because the uptake of toxic substances 
is different in each case. The following considerations clearly demonstrate 
that it is not permissible to base calculations on such comparisons. 

- The ratios of the substances in sidestream and mainstream smoke vary 
from substance to substance by factors between 0 j 5 and >100 (4,5). 
Consequently, the smoke mixtures vary in quality. 

• ETS mainly consists of sidestream smoke and is almost always mixed 
with substances from sources other than tobacco smoke (6,7). 

- The toxic effect of ETS also decreases due to ageing and is much less 
strong than that of fresh mainstream smoke inhaled by the smoker (8). 
It is not yet known whether the same applies to its carcinogenic effect, 
but this seems probable. 

• There are considerable differences between passive and active smok¬ 
ing with regard to the breathing pattern which determines the inhala¬ 
tion depth and lung deposition rate for constituents of particulate 
matter and the gaseous phase. Passive smoking occurs mainly via nasal 
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breathing which filters off at least some of the toxic substances found 
in relatively low concentrations in ETS. 

- Only some 10% of ETS particulate constituents are retained in the 
respiratory tract dtiring passive smoking, whereas 45-95% of particu¬ 
late matter of mainstream smoke remain in the lung during active 
smoking (9,10). 

- Non-smokers who are frequently or occasionally exposed to tobacco 
smoke normally have well-functioning clearing mechanisms of the 
respiratory tract. This means that the particulate matter is partly, 
removed from the lung before it causes any damage. 

- It is unlikely that the well-known induction of enzymes which trans¬ 
form procarcinogens into carcinogens in smokers (11) could be found 
in passive smokers. Whether this enzyme induction has any harmful; 
or indeed beneficial, effects to the individual has not yet been deter¬ 
mined. In any case, the initial conditions with regard to carcinogenesis 
are not comparable. 

- The concentrations of toxic substances taken up by passive smoking 
are rather low as compared with active smoking. Here, the basic 
problem of risk assessment at the lowest doses arises, a problem which 
has not been solved to date(12). 

Of course, no one really knows whether this risk curve (Fig. 1) develops 
in a linear direction, as is generally assumed in the risk evaluation proce¬ 
dure, or whether it takes an S-shaped, i.e. a sublinear course in the lower 
part of this graph, or whether the course of the curve determines the extent 
of the risk. The fact that there are numerous defense mechanisms against 
carcinogenic substances in humans supports the assumption that the dose- 
effect-relationship curve takes a sublinear course. This is in line with the find¬ 
ings obtained in man and in animals. 


2. EFFECT OF PASSIVE SMOKING ON THE HUMAN ORGANISM 

Having dealt with the more theoretical aspects of the issue, we should 
consider the findings on the measurable effects of passive smoking on the 
human organism published so far. Exposure to tobacco smoke cam be 
demonstrated, for instance, by determining COHb, i.e. hemoglobin-bound 
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carbon monoxide which occurs at low concentrations under physiological 
conditions. COHb normally rises only slightly in passive smokers so that it is 
difficult to differentiate from COHb values measured in non-smokers. Only 
at extremely high exposure levels, which are unlikely to occur under real-life 
conditions, COHb can rise by up to 2 % (13,14). 

The significance of COHb values is limited by the fact that carbon 
monoxide, which originates from sources other than tobacco smoke, occurs 
nearly ubiquitously and might thus simulate a burden due to tobacco smoke. 
A much better way of demonstrating exposure to tobacco smoke is the deter¬ 
mination of nicotine or cotinine in body fluids. Cotinine is the main metabo¬ 
lite of nicotine and unlike nicotine remains metabollically inactive in the 
body for a longer period! The findings of Jarvis and Russell from' England 
(15,16) may serve as examples here (Tab.4). The authors interviewed out¬ 
patients about their tobacco smoke exposure, and the answers were sub¬ 
divided into three groups headed "Smokers, Passive Smokers and' 
Non-smokers". As for nicotine, marked differences between non-smokers 
and passive smokers can only be found by measuring it in the urine. In 
smokers the nicotine concentration is 100 times that measured in passive 
smokers. A far better indicator than nicotine is cotinine with'its long half- 
life. Again the measurements obtained in urine appear to be the most con¬ 
vincing. Cotinine measured in smokers is again more than 100 times the 
values found in non-smokers. However, these data should not lead us to con¬ 
clude that the amount of tobacco smoke passive smokers take up on the 
average is one hundredth of the amount taken up by smokers. Such a con¬ 
clusion presupposes that mainstream and sidestream smoke and of course 
ETS are comparable in their compositions, at least to a certain extent. But 
this is not the case as has been shownbefore. This assumption is furthermore 
limited by the fact that the physico-chemical properties of nicotine vary in 
mainstream and sidestream smoke and in the room air as well (17). 

Now I would like to present some results of our own obtained in studies 
of non-smokers exposed to tobacco smoke under controlled conditions 
(18,19). 

The day after their admission to the laboratory the subjects stayed in a 
closed room from 8 am to 4 pm. Smoking was not allowed. The following 
day the subjects stayed in that room for the same period. This time cigaret¬ 
tes were smoked so that CO rose to a level of lO ppm in the first experiment 
and 25 ppm in the second. 
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Table 3 

Estimated uptake of tobacco smoke constituents by active and passive smoking 


Tobacco Smoke 
Constituents 


Smoking 
(20 eig/dayl 


Passive Smoking 

(Bh/day)* 


Range 

(Smokmg/Patsivt 

Smoking) 


Gftuoui Phase 

CO (mg) 40 - 400 14.4 - 

Nicotine (mg)* 10 - 40 0.08 • 

Formaldehyde (mg) 0.4 -1.8 0.08 • 

VdMi!* (pg) 0.05 -1.0 0.03 • 

Nitrosammes 
Particulate Matter 

Particles (mg) 1100 - 400 0.024 • 

Tobacco-specific ^ , 6 . 60 0 .002 - 

Nitrosammes 

Beneo(a) pyrene (pg) 0.2 - 1.0 0.001 • 

Cadmium (^g) 2 0.001 - 

1 Nicotine is part of particulate matter in mainstream smoke. 
# Assumed breathing volume: 0.5 m^ 

## Assumed lung deposition rate: 11 * 


111 

40 -400 

10 - 40 

0.4 -1.8 

14 4 - 96 

O.OB - 0 4 

0.08 - 0 4 

2:7 -4.2 
100 - 125 

4 -5 

big) 

0.05 - 1.0 

0.03 0 4 

1.5 -2.5 

<mg) 

100 - 400 

0.024 • 0.24** 

1.700 - 4.000 

big) 

6 -60 

0.002 • 0.010** 

3.000 • 6,000 

big) 

big) 

0.2 • 1.0 

2 

o.ooi -o.onr* 

0 001 -0014** 

90 - 200 
143 • 2,000 


Tabla 4 

Determination of nicotine and cotinirva in bodyfluidt of non-imokart 

exposed and not exposed to tobacco smokt and of smokars 

Group 

N 

Substance (ng/ml) 

Non-smokers not exposed 

46 

Nicotine in plasma: 

1.04 

Non-smokers exposed 

54 

Nicotine in pISsma: 

0.77 

Smokers 

94 

Nicotine in plasma: 

1480 

Non-smokers not exposed 

46 

Nicotine in urine : 

3.87 

Non-smokers exposed 

54 

Nicotine in urine : 

12 11 

Smokers 

94 

Nicotine in urine : 

1.749.90 

Non-smokers not exposed 

46 

Cotinine in plasma: 

0.82 

Non-smokers exposed 

54 

Cotinine in plasma: 

2.04 

Smokers 

94 

Cotinine in plasma: 

275.20 

Non-smokers not exposed 

46 

Cotinine in saliva : 

0.73 

Non-smokers exposed 

54 

Cotinine in saliva : 

2.48 

Smokers 

94 

Cotinine in saliva : 

309.90 

Non-smokers not exposed 

46 

Cotinine in urine : 

1.55 

Non-smokers exposed 

54 

Cotinine in urine : 

7.71 

Smokers 

94 

Cotinine in urine : 

1.391.00 

Sources: 

Ml Jarvisat at., J. Epidemiol. Community Health 38 
MIA MI Russell, Toxicol. Lett 35,1987,9-18. 

, 1984,335-339; 
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Figure 2: 

Effects of ET5 exposure for 8 h (A) and cigarette smoking (B) on: 

a) the carboxyhemoglobin levels in blood before ( I I V and after ( 8858 ) expo¬ 
sure, 

b) the urinary cotinine excretion on the control ( £5^3 ) and on the exposure 
(■HI day, 

c) the urinary hydroxyphenanthrene excretion on the control and on 
the exposure (■■} day compared to that of road paving workers (C) befo¬ 
re (dZI) and after (EEZ3i shift, 

d) the urinary thioether excretion on the control (ESS) and on the exposure 

day. _ 

e) the urinary mutagenicity on the control (£33) and on the exposure (BM 
day. 

For more details refer to text 
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COHb increased by less than 1% after an 8-hour exposure to the lower 
concentration of tobacco smoke and by more than 2% after exposure to the 
higher concentration (Fig. 2a). Such a rise in COHb is of no toxicological 
relevance for healthy adults. As can be seen from these data, the tobacco 
smoke exposure exceeded the level found in real-life situations in both ex¬ 
periments, particularly in the second. 

As was the case with COHb, the urinary cotinine excretion increased in 
relation to the dose (Fig.2b). Even experimental exposure to 25 ppm CO 
produced cotinine excretion only 1 /65th of the levels found in smokers. It is 
widely accepted that a nicotine uptake which leads to a urinary cotinine ex¬ 
cretion as found in our studies is of no relevance from a toxicological point 
of view. 

The urinary hydroxyphenanthrene excretion was not found to increase 
after exposure to both concentrations (Fig 2c). Hydroxyphenanthrene is a 
metabolite of phenanthrene found in tobacco smoke which belbngs to the 
group of PAH. This group of substances is most likely to be involved!in the 
development of lung cancer. The enormously elevated values shown on the 
right of the graph have been measured in the urine of bitumemexposed 
workers asphalting roads. Significantly, these values are by two orders of 
magnitude higher, but this is not the subject which concerns us here. 

Urinary thioether excretion rose significantly after exposure to both con¬ 
centrations of tobacco smoke (Fig. 2d). This confirms the assumption that 
passive smoking leads to the uptake or in-vivo formation of potentially 
genotoxic substances which have not been identified so far. But there is 
evidence indicating that they originate for the most part from the gaseous 
phase. By formation of thioether, toxic substances which the organism takes, 
up from the air and especially from food or which are formed in the organism 
itself, are detoxified and excreted. Formation of thioether can thus be 
regarded as an essential protective mechanism of the organism* 

No significant rise in urinary mutagenicity was found in the passive 
smokers of our studies (Fig. 2e).The fact that urinary mutagenicity is elevated 
in smokers is most probably due to the uptake of particles which, as was said 
before, play a minor role in passive smoking. 

In order to find an answer to the question of whether ETS has a con¬ 
siderable carcinogenic potential, a long-term animal experiment with rats is 
required. The results of our 90 day pilot-study which has just been terminated 
cannot yield conclusive evidence (20). The design of the study was similar to 
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that of the diesel exhaust experiments in which an elevated rate of lung can¬ 
cer was found in rats and mice. As in the diesel exhaust experiments, the 
tobacco smoke concentration corresponded to a particle concentration of 4- 
5 mg/m 3 and was thus far above that normally found in passive smoking. The 
period of exposure was 10 hours a day, 5 days a week over'90 days. Except 
for minor changes in the nasal dorsal area of the animals, which were foundl 
to recede after the end of the treatment, no histopathological changes could 
be observed by light microscopy. 

The results differed considerably from those obtained with diesel ex¬ 
haust. Whereas in rats exposed to diesel exhaust for just a few days a con¬ 
siderable deposition of soot is found in the lungs which remains there even 
90 days after termination of treatment, this is, surprisingly, not the case with, 
hamsters. Many scientists suggest that this overload of the lungs with diesel 
soot, which causes permanent irritation thus accelerating cell turn-over rate, 
is the actual cause of the dose-related development of lung cancer in these 
animals (21,22). 

In the light of the findings obtained so far it is questionable whether an 
exposure to ETS under conditions similar to those of the diesel exhaust 
studies leads to arise in lung cancer rates in rats. These doubts may further¬ 
more be justified in view of the results published by the EPA of the United 
States suggesting that the carcinogenic and mutagenic potential of cigarette 
smoke condensate is far lower than that of diesel exhaust (23), 


TO SUM UP: 

Passive smoking leads to an uptake of minute amounts of mutagenic 
and carcinogenic substances into the organism. This applies especially to par¬ 
ticle-bound substances which are suspected of playing a major role in the 
development of cancer due to smoking: Compared with the non-smoker’s 
daily total exposure to presumably carcinogenic substances, e.g. at home„at 
the workplace, in the diet as well as in the endogenous metabolism, the up¬ 
take of such compounds with ETS represents only a minor dosage. It is there¬ 
fore not surprising that no genotoxic effects of passive smoking on the human 
organism have been demonstrated so far. This means that a risk assessment 
of passive smoking is not possible at present. Instead of accepting this fact it 
is claimed that the presence of carcinogenic substances even in minute con- 
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centrations can lead to irreversible damage of the genetic material. Indeed, 


ing Group in Lyon to conclude that passive smoking must involve at least a 
slightly increased risk of cancer. Whether a real risk is involved which inthe 
future can be demonstrated on the basis of measurable results remains an 
open question. In the light of this health officials should concentrate on more 
significant environmental problems in thelbng-term interest of society, rather 


than wasting time and money on trivial issues. 

We as scientists unable to prove or disprove the possibility of a slightly 
increased risk may find this situation somewhat frustrating, but unfortunate¬ 
ly this dilemma will probably accompany us for years to come. Johann 
Wolfgang von Goethe - Germany’s greatest poet -who incidentally was also 
a scientist of some reputation- expressed this problem in the words of Dr. 
Faustus: 


By night and day a mystery tender,, 

Nature guards her secrets well: 

And what she will not freely render, 

She never on the rack will tell. 

Goethe, Faust I 
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There has been such concern in recent years concerning the health 
implications of 'passive' or 'secondaiy' smoking. The physical 
characteristics, and hence respiratory deposition of mainstream, 
fresh sidestream, and aged sidestream smokes are markedly 
different and this must be taken into account when assessing 
risk. Data obtained from volunteers inhaling radlolabelled smoke 
in each form is presented showing the dose to the bronchial 
region of the lung from environmental tobacco smoke (ETS) 
particles to be very much less than would be expected from 
epidemiological estimates, although pulmonary particle deposition 
and) vapour deposition are enhanced. This is discussed with 
reference to the effects of changes in particle slse and 
evaporation / condensation processes on the regional deposition 
of smoke aerosols. 


mtOOOCTIGV 

In recent years , there has been increasing public concern as to 
potential health risks from environmental tobacco smoke (a 
combination of aged sidestream and exhaled mainstream smoke). 
This concern has been focused by publication of three reports 
concerning exposure to ETS both in the U.K. and the U.S. 
(1,2,3). It has also been reflected in a number of airlines 
banning smoking on short-haul flights and, for example, in recent 
legislation in Canada prohibiting smoking in federally owned 
buildings. Although many surveys have been carried out using 
biological indices of smoking in 'passive' smokers, these have 
reflected exposure to gaseous and vapour components. Exposure to 
carbon monoxide has been determined by measurement of end-expired 
CO or carboxyhaemoglobin and to nicotine by measurement of either 
nicotine or cotinine (a major metabolite) in saliva, * plasma or 
urine. Of these indices, cotinine has beennost widely quoted as 
nicotine can be regarded as the major tobacco-specific product 
identifiable in the population. It should be noted, however, 
that these markers can only be used as an indicator of systemic 
uptake, and cannot be related directly to the regional deposition 
of tar particulate material. 

Models of the estimation of relative risk from exposure to 
mainstream and sidestream smoke particles must take account of 
the deposition efficiency of individual components of the smoke 
and their regional deposition and clearance. This also applies 
to volatile components generated with the smoke. Physical 
factors affecting deposition efficiency include 
evaporation/condensation equilibria, particle concentration and 
particle sise. In this work, we shall describe the results 
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obtained from radio-tracer studies of the physical 1 behaviour of 
mainstream and sidestream smoke and their deposition in 
volunteers. Special attention has been paid to the deposition of 
tar particulate material in the lung tracheo-bronchial (TB) 
region, where the majority of lung cancers in humans originate. 
Vapour deposition will also be considered and the limitations of 
the model used will be discussed. 

MRSKRIUS & ME T HOD S 

Radiotracer 

The physical and chemical behaviour of cigarette smoke is 
extremely difficult to model as several thousand constituent 
compounds have been identified (4). Thus, of necessity, any 
tracer compound can only represent an average behaviour: I- 

lodohexadecane (C16H33I) was chosen as a tracer for the physical 
behaviour of sidestream smoke as it has a boiling point (380oC) 
in the middle of the range of compounds found in tar particulate 
material. It may be labelled with any radio-isotope of iodine, 
and has proved to be a useful marker of partlculdte material in 
mainstream cigarette smoke (5). 

Exposure system 

Details of the exposure facility and ETS generation have been 
described elftewhere (6). In brief, a Mason-BAT smoking machine 
is used to introduce sidestream smoke into an environmentally 
controlled 14.4 m3 chamber. By varying the number of cigarettes 
smoked, the tmoke/air ratio at the inlet, and the chamber 
ventilation rate, concentrations ranging from 6 - 135 ppm CO and 
0.5 - 18.8 mg.mO for particulate material (PM) were achieved and 
could be maintained at steady-state for extended periods. The 
specific activity, that is, the radioactivity per unit mass of 
tax collected was shown to be consistent over generation periods 
of up to 60 minutes and was independent of particle size (7). 
The coefficient of variation for CO and PH concentrations 
measured at twelve sampling sites within the room was 6.5%, 
demonstrating good spatial mixing. Regressions for both CO and PM 
concentrations were calculated versus a generation factor (number 
of cigarettes burning x fraction of smoke diverted to room / 
number of air changes per hour) giving equations t- 

CO concentration - 50 x generation factor + 5.2 (X2 » 0.95) 

PM concentration ■ 7.3 x generation factor - 0.56 (r2 • 0.97) 

RESULTS ft DISCU SSI O N 
Physical behavlonr of smoke 

On generating sidestream smoke atmospheres within the chamber it 
was found that, at equilibrium, when smoke generation ceased, 
that the half-time of clearance for PM was more rapid than that 
for CO, implying mechanisms of removal for PM other than dilution 
by clean air through continuing ventilation• It was also noted 
that gravimetric yields of PM from the aged sidestream smoke were 
approximately 30% of those of fresh (<2s old) sidestream smoke 
collected directly from the burning cigarette via the 'fish-tail* 
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sampling hood (8). By radiolabelling with 123I-l-iodohexadecane, 

| it was demonstrated that only a small fraction of the label was 

| found on the walls of the chamber, indicating deposition to 

i surfaces to be a minor mechanism of removal. Sampling of the 

steady state atmosphere onto glass fibre filters backed by 
charcoal packs showed up to 70 % of the airborne activity in the 
room was in the vapour phase, compared to less than 5 % vapour in 
fresh sidestream smoke. The figure of 70 % vapour is in good 
agreement with the reduced particulate recovery by mass. Bence, 
it appears that as sidestream smoke is generated and ages under 
ambient conditions, dilution occurs causing evaporation of a 
significant mass fraction of the particles (in approximately the 
same proportions as the radiolabel). As this phenomenon appears 
to be a dynamic vapour /particle equilibrium, it will be related 
to vapour pressure and thus, ambient temperature together with 
dilution, both of which may affect sampling. This was reflected, 
experimentally, by an approximately linear increase in the ratio 
of PM mass to CO concentrations as the amount of smoke generated 
I i.e. the generation factor increased (r2 - 0.84). In contrast, 

studies measuring the decay of nicotine generated in sidestream 
i smoke in the chamber showed its removal to be faster than other 

! vapour phase components (9), implying deposition on surfaces to 

be a more significant mechanism of removal. 

Mainstream smoke deposition 

Byusing the 123I-l-lodohexadecane label, direct measurements of 
tar deposition in volunteers can be carried out by gamma- 
counting, using an array of six collimated sodium iodide crystals 
described elsewhere (10). Estimates of regional deposition were 
made by differential lung clearance. This was shown to give a 
two-phase clearance with half-times of 2 and 17 hours 
respectively. The fast clearance was shown to have a similar 
half-time of clearance to radio-labelled 2.5 urn polystyrene latex 
microspheres, implying the fast clearance of the If-iodohexadfccane 
is due to clearance from the TB region. The slower phase will in 
contrast, be determined In the main, by the rate of dissolution 
of the label from the particles in the pulmonary (P) region. 
Measurements were carried out on 23 male volunteers, smoking, 
cigarettes typical of the sales-weighted average tar yield (14 
1 mg) in the U.K. , and were found to have an average tar intake of 

14.3 mg per cigarette (Range - 6.0 - 24.7 mg), with an average 
cigarette consumption of 30 cigarettes per day (Range * 9 - 57). 

It should be noted that the consumption figure in this group isi 
significantly greater than the average for the U.K. Previous 
differential clearance measurements showed approximately 55% of 
the tar deposit to be in the TB region with 30% penetrating to 
the P region, and the remaining 15% in the upper respiratory 
tract. In addition, exhale capture techniques have shown, on 
average, 80% of the tar inhaled to be deposited. The pattern of 
regional deposition is very different to that predicted by ICRP 
(11) for particles of 0.8 urn diameter, as measured in mainstream 
| smoke by cascade impaction (5). This implies that the tar 

particles, which exist as liquid droplets behave as larger 
I particles within the respiratory tract due either to coagulation 

at the high particle concentrations found (up to 1010 ml-1). 
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hygroscopic growth or a combination of both. Calculations in the 
measured group of smokers, imply a daily TB deposit of tar of 250 
mg/day (Range - 120- 610 mg). 

Sidestream smoke deposition 

Unfortunately, no radiotracer measurements could be carried out 
for deposition of exhaled mainstream smoke, as radiological doses 
to those generating the smoke could not be justified on ethical 
grounds. Hence, all values considered are for deposition of aged 
sidtestream smoke, which forms the major component of ETS in any 
case. 

In contrast to mainstream smoke, sidestream smoke particles have 
had time to age and have been diluted before inhalation. As 
these processes occur, material evaporates from the particles 
leaving an involatile core of approximately 0.2 urn mean diameter 
at equilibrium. Such particles are likely to behave as predicted 
by the ICRP model (II). Earlier work assuming an 8 hour 
workplace exposure to ETS, a particle concentration of 0.9 mg.m- 
3, which is at the high end of reported survey values, and a 
minute volume of 10 l.min^l suggests that 4.3 mg of tar particles 
per day will be inhaled (12). Approximately 10% of this material 
will be deposited in the lung (13) in the ratio 10% TB t 901 P 
(11). Thus the daily dose of tar particulate to the TB region of 
the ltong from sidestream smoke will average 0.043 mg, a TB 
deposition factor of 0.00017 relative to mainstream smokers. 
Studies of sidestream smoke deposition in volunteers using the 
123I-l-iodohexadecane radiolabel are much more difficult to 
perform than the equivalent mainstream deposition experiments, 
primarily due to the high proportion (70%) of the label In the 
vapour phase, which can lead to external contamination problems. 
In addition, measurements of regional deposition by differential 
clearance become more difficult to interpret as the label in the 
vapour phase is transferred more rapidly to blbod, giving rise to 
a higher than normal circulating, background activity. A series 
of experiments on three volunteers showed, an average total 
deposition of 64% of the label inhaled from aged sidestream smoke 
at equilibrium. When inhalation experiments were carried out for 
the vapour phase alone, 87% of the inhaled material was retained, 
mainly in the upper airways external to the lung. If this figure 
of 87% deposition is assumed for the deposition of ETS vapour 
(70% by mass), it implies that 61/64 % of total deposition 
measured is due to vapour. The remaining 3% of total deposition 
deriving from particulate ETS (30% by massy implies a deposition 
efficiency for the particulate of approximately 10%, which is in 
good agreement with the figure derived experimentally by Hiller 
(13) and used in the above calculations. It should be noted, 
however, that the deposition efficiency figure of 10% derived 
from oux experiments is prone to large variation due to its 
method of calculation (subtracting one large number from 
another). 

Thus it can be seen that, although the TB dbse of tar in 
'passive' smokers is only 0.02% of that observed in mainstream 
smokers, relatively higher doses of smoking products occur 
elsewhere in the respiratory tract. Total particulate tar dose 
is approximately 0.2% that of mainstream smokers, compared with 
relative cotinine levels of approximately 1% (2), and an 
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increased relative cancer risk of 10 -301 reported for 'passive' 
smokers relative to non-smokers (1). It would seem, therefore, 
that the increased long cancer risk from exposure to ETS as 
estimated from epidemiology cannot be explained by dosimetric 
estimates of tar deposition* However, a study of ltang cancer in 
Swedish women, recently published by Svensson et al (14), shows a 
higher proportion of adenocarcinoma cases relative to small cell 
and squamous cell carcinoma in never-smoking women compared with 
smokers, where the pattern is reversed. It is therefore 
interesting to note that tar particulate deposition occurs in the 
same pattern, with the majority in the TB region in smokers, and 
the majority in the P region in 'passive' smokers. 

Finally, it has been suggested (15) that other suspected but 
unconfirmed smoking-related health risks such as increased 
incidence of cardio-vascular disease or cancers other than 
respiratory tract may be linked to levels of systemic uptake of 
smoke constituents in STS. This should also be considered in the 
light of results reported here, where the majority of STS by mass 
is present in the vapour phase and deposits very efficiently, 
with more rapid uptake than when associated with smoke particles 
in mainstream smoke, naturally, our results apply only to the 
specific case of iodohexadec&ne uptake and the efficiency of 
deposition of other vapour phase compounds will be determined 
individually, with respect to solubility and other chemical 
behaviour (16). However, the general principle of more efficient 
and more rapid deposition of vapours is still likely to apply for 
most compounds. 


comcLDSioms a rmoomm—pitots 

In conclusion, we have shown that cigarette smoke, both 
mainstream and sidestream, is a dynamic aerosol and that its 
chemical and physical properties must be taken into account when 
considering dosimetry of tar in the respiratory tract, 
particularly with reference to relative risk estimates. This is 
•specially important when considering that 70% of ETS by mass is 
in the vapour phase . Further work is required on risk estimates 
of individual compounds within tar with respect to their 
individual physical and chemical properties. 
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COMMENTS ON EPA’S APPENDIX G 


Appendix C of the Health Assessment is concerned with the estimation of organ dose due 
to exposure to chemicals present in tobacco smoke. A mathematical model is proposed' which 
the EPA claims is applicable to both active smoking and ETS exposure. The dosimetry models 
discussed in Appendix C are simplistic, improperly applied and contain many errors. At the very 
least, Appendix C should be rewritten to include a discussion of the consequences of amplifying 
assumptions, errors should be corrected, and a more realistic sample calculation should be 
supplied. 

According to the executive summary of the EPA Report to Congress on Indoor Air 
Quality [1], the EPA Health Assessment document was written to support EPA efforts to 
"provide the public with an understanding of the hazards of ETS as well as reliable methods for 
risk mitigation." Considerable controversy surrounds the potential health effects of ETS 
exposure. Due to the influence of public opinion, ETS issues have become as much or more 
political in nature than they are scientific. The responsibility of the EPA is to present an 
unbiased scientific perspective on the issues surrounding ETS exposure without being swayed by 
politics or public opinion. The EPA’s Health Assessment should provide a complete review, 
giving equal consideration to the strengths and weaknesses of data which support both sides of 
die issue. 

Unfortunately, the discussion of exposure assessment presented in Appendix C of die 
Health Assessment suffers from improper assumptions and does not comprise an objective 
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literature review. 


active dose calculations presented in Appendix C. Worse yet, equations derived for the purpose 
of estimating biologically active dose were ignored or misused. Lung intake is proposed as the 
best available estimate of exposure - despite the severe deficit of information about ETS 
component concentrations. Furthermore, exposure estimates are assumed rather than measured. 
(Frequently, measurements do not exist because concentrations fall below analytical detection 
limits.) Exposure estimates used in the calculations are biased high and disagree with published 
data. In addition, correlation of sidestream component concentrations with ETS concentrations 
were not performed using representative real-world concentrations. The calculations of exposure 
are biased and serve only to add "shock value" to this EPA draft document. Calculated 
concentrations poorly represent the real-world ETS exposures reported in the literature. 


Comments on C.l 

On pages C-l and C-2 of the document the EPA discusses potential etiological agents 
found in mainstream smoke. While interesting, this information is irrelevant to a discussion of 
ETS risk. Mainstream concentrations of these substances are many orders of magnitude greater 
than those experienced by exposed nonsmokers. No substantiating animal bioassays have been 
performed at characteristic ETS concentrations for the compounds listed! on: page C-2 to 
determine whether they are causative agents for cancer of the lung; In the absence of realistic 
(ETS-level) bioassays, one cannot conclude that the compounds listed are etiological agents in 
ETS. Furthermore, in many environments ETS is not a major source of many compounds listed! 
on page C-2 [24©]. - 
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Comments on C.2 


The dosimetry models discussed in Section C.2 suffer three deficiencies. First, the 
models are simplistic. Physical, biochemical and biological phenomena are treated in an 
empirical fashion with little attention given to underlying physico-chemical complexity. 
Empirical models are not de facto objectionable, but their application to real systems must be 
accompanied by a full explanation of modef limitations and careful evaluation of error 
propagation. Accurate input parameters are of paramount importance in empirical models. 
Second, the model development section contains mis-statements and unjustified approximations. 
Some equations contain typographical errors making them difficult to calculate or analyze fully. 
Finally, calculations performed to illustrate the model’s utility are impaired not only by drastic 
simplifications, but also by highly questionable parameter estimates. Each of these shortcomings 
is addressed in more detail below. 

Deficiencies in the Empirical Modeli 

The process by which the human lung (and subsequently, other organs) is exposed to a 
biologically active dose of environmental aerosol involves a coupling of complex physical and 
chemical mechanisms. [See, for example, contributions in reference 11.] These include the 
fluid dynamics of aerosol flow from the environment into the lung passageways; component 
migration through the circulatory system; microscopic aerosol dynamics of particle/vapor 
evolution; mass transport by diffusion, convection, sedimentation, inertial impaction; etc.; 
thermodynamics of chemical reaction and heat transfer, biophysics of tissue/cellular transport; 
and biochemistry of chemical-receptor binding. This excludes the preliminary but equally 
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important factors which control aerosol dynamics in the environment, eg., ventilation, source- 
sink location, filtration, etc. The discussion of exposure-dosimetry modeling in Appendix C 
document gives little or no attention to any of these influences. 

Rather than approach the exposure-dose phenomenon from a "first principles" perspective, 
the EPA Risk Assessment has chosen an empirical description. Empirical models are often 
necessary substitutes for systems whose complexity precludes a more comprehensive treatment 
Human exposure-dosimetry phenomena fall within this category. However, when an empirical 
approach is selected, a cautionary rule applies: The more empirical the model, the more limited 
is the application . For examplfc, reducing a dynamically evolving ETS particle size distribution 
to a single average-diameter, uniformly dispersed, constant-concentration aerosol severely limits 
the environments for which the model is appropriate [page C-17]. If cancellation of effects or 
time-averaging serves to increase confidence in the approximation, then justification should be 
provided. Simplification for the sake of mathematical tractability alone is never acceptable. At 
best, the EPA provides scant support for the simplifications invoked. The model is amplified 
to an even greater extent when sample calculations are presented. 


concentrations, transfer coefficients, partition coefficients, etc., in addition to more fundamental 


physical and chemical constants, eg. , diffusion coefficients, molecular weights, vapor pressures. 


etc. For this reason, the accuracy of input data and propagation of error from ihput assumptions 
are very important. The EPA does not provide propagation-of-error analysis, however simple, 
for any equations. This is especially troubling since many of the models* input parameters are 
of questionable accuracy or even validity. - 
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Mis-statements, Approximations and Errors: 

The development of the mathematical exposure-dosimetry model in pages C-4 through, 
C-17 of the document contains mis-statements, unsubstantiated approximations and simple errors. 
Several are numerated below. 

(1) Concentration is assumed, beginning in equation (1), to be a function'of time 
only. Later it is assumed to be constant. For particulate matter, this is a gross 
approximation both within the lung and in the external environment [See, for 
example, reference 12.]i Properly, concentration is a function of both time and 
position; ie., C(r,f). This approximation should be clearly stated in the text 

(2) The upper integration bound on the inner integral in equation (14) should be "f" 
rather than "T." 

(3) Following equation (15) in the text the EPA states, 'When K is unknown (as is 
true for ETS), it is ignored and the dose is replaced by the integral of die organ 
burden, IB." This is a misleading statement. In fact the EPA las assumed a 
specific value of "K"; Le., "1." A critical factor cannot be "ignored" or 
arbitrarily equated to a convenient value because the true valiie is unknown. 

(4) In die discussion of "biologically active dose” cm page C-ll, the EPA states,, "In 
general, k A will be the fraction of the inhaled chemical biotransformed into the 
active form." More correctly this should read, "In the simplest approximation, 
k A will be...." 

(5) On page C-ll the EPA states, "For most chemicals (particularly tiiose in ETS), 
k A is unknown and Bg or D B must be approximated by B or D as described 

BS 
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earlier." This statement is misleading for two reasons. 

i) It contradicts the EPA’s previous statement on page C-4: "Since 
the incidence of effect per unit concentration can be quite different 
for [gas-phase and particle-bound nicotine], total exposure intensity 
may act as a poor measure of risk." 

ii) The EPA has argued that "D B - k A D". This conclusion that D* 
must be approximated by D when k A is unknown, implies the 
choice of a specific value for the unknown; ie., k A * 1. By the 
EPA’s own interpretation of k A , this is equivalent to the 
assumption that all the inhaled chemical is transformed into a 
biologically active form. 

(6) Equation (16) likely represents an oversimplification of the actual processes taking 
place in the lung. As stated in the discussion on page C-10, retention may be 
approximated either by a single exponential function or by a sum of exponential 
functions. A simple, realistic scenario suggests that a sum of exponential 
functions is more appropriate. Suppose the biolbgically active constituent is 
actually a metabolite of the inspired substance. In that case, the retention function 
is a combination of formation rate of the compound, transfer rate of the parent 
compound from the organ to the blood, and elimination rate of the biologically 
active compoundl This scenario is probably characteristic of many compounds 
in EPS alleged to have detrimental health effects. For example, polycyclic 
aromatic hydrocarbons (PAH) and nitrosamines exhibit no inherent biological 
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activity [13-16]. Rather, it is their metabolites that are associated with biological 
effect. Depending upon the complexity of metabolite kinetics, the assumption of 
a single, exponential retention function could introduce significant error. The use 
of simple exponential functions also assumes, without su b sta n tiation, that 
metabolism rate and transport across cell membranes are governed by first-order 
mechanisms. 

(7) Equation (17) should read *B(T) «* ..." rather than "D(T) « 

(8) Nicotine and cotinine are mentioned extensively throughout Appendix C, although 

neither has been associated with any adverse health effects at concentrations 
present in ETS. Furthermore, the discussion adds nothing to the understanding 
of the biological activity of ETS. Many studies suggest that nicotine is of little 
value in predicting exposure to other ETS constituents [17-22]. The excessive 
attention paid to nicotine gives the reader the impression that nicotine is a typical 
ETS component; an impression which is not substantiated in the literature. In 
fact, the EPA states on page C-15, "If the dose to the blood is calculated for 
nicotine, therefore, the dose to other organs or tissues may be obtained by 
multiplying the ratios in Table C-l. It is unlikely, however, that the same ratios 
will apply to other chemicals in ETS." A more complete discussion of nicotine 
and cotinine as biomarkers is presented in Section I.F. of the main RJR 
comments. * 

(9) In Figure C-2 on page C-13, the deposition fraction labels f nC | and f OT>0I are 
missing from the appropriate "arrows." 
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The summary on pages C-15 to C-17 is alio misleading. The EPA claims that 
measurement of exposure to "given chemical[i\ in ETS can take several' forms." This is a 
peculiar statement as most of the 4700 compounds alleged by the EPA to be in ETS [23] have 
never been measured in ETS. In addition, most of the "43 known or suspected carcinogens 
identified in tobacco smoke" [The Health Assessment at 2-1] have not been detected in real-world 
ETS. Even if detected, the question of origin remains unanswered. What fraction of the 
substance originated in ETS, and what fraction came from another source? Some examples of 
alternate sources for alleged carcinogens in indoor air are given in references 2-5,8,9. 

The calculation of exposure-dose outlined in the summary is simplistic. For those 
compounds which can be measured l exposure intensity, cumulative exposure and lung intake can 
be estimated under certain conditions. For example, external ETS aerosol dynamics must be 
simple enough to permit measurement of environmental concentrations, and volumetric breathing 
rate must be reasonably constant over the exposure period. But for most compounds, total lung 
uptake "U", or regional uptakes, cannot be calculated because the fraction of material deposited 
in the lung, "f", is unknown. Neither total lung burden "B", nor regional burdens, can be 
calculated because the retention function "R" is unknown. Although the EPA points out that "R" 
maybe estimated for particles, no references for its use with other ETS components are given. 
Subsequent calculation of integral organ burden "IB" is similarly flawed. 

Items 7 through 12 in the summary deal with dose to the lung, dose to other organs, and 
biologically active dose. The gross assumptions and myriad unknowns which characterize these 
"measures" make useful calculations impossible. In light of the absence of critical information, 
die EPA concludes on page C-17, that "intake" is by default "the best available measure of 
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exposure." But the extent of their own derivations suggests that intake is a relatively poor 
measure of exposure or risk. In addition, alternate routes of intake may provide dose 
contributions for compounds present inETS. For example PAHs and nitrosamines may originate 
in foods rather than air [6,24-26]. All sources of exposure must be carefully considered when 
relative risk assessments are made. 

Finally, the EPA states, "The measure of exposure to a chemical depends upon (be level 
of available information." This statement and those following read like an apology for failing 
to attempt a more rigorous mathematical description of exposure and dose. It is not the "measure 
of exposure" that depends upon the "level of available information,* but the accuracy of the 
approximation. What the EPA refers to as an "upstream" measure is nothing more than a less 
accurate approximation of an equation which is already empirical 

Comments on C.3 

Section C.3 purports to estimate intakes based upon assumed exposure conditions. But 
several erroneous assumptions tend to invalidate the results. Errors include miscalculation of 
exposure conditions, use of inapplicable ratios, and biased exposure data which have not been 
corrected for non-ETS, i&, background, sources of compounds. Several specific problems are 
identified below. 

The unnumbered equation on page C-18 is approximate, even within the context of the 
given empirical description, and depends upon all the prior approximations which went into the 
derivation of the equations in Section C-2. It is mathematically exact only when the burden 
function, B(t), is constant; an unlikely prospect. If R(t) is of exponential form, as the EPA 
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argues in the derivation of equation (18), then the correct dose ratio is given by 


D 


£L 

c 
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The equation presented on page C-18 is acceptable wily for small values of die exponential 
argument "XT.* The EPA should clearly state the approximate nature of this equation. 

According to Appendix C, a constant EPS exposure of 200 pg/m 3 of respirable particles 
was calculated from tables in the NRC report [27]L Figure 1 shows the predicted concentration 
vs. time profile for particles assuming 26 mg RSP per cigarette, 150 m 3 room' volume, air 
exchange rate of "one per hour", 
and twenty cigarettes smoked over 
a 24-hour period (all conditions as 
assumed in the document). The 
calculation also assumes a first- 
order decay of particles [17,18], 
and a 9 minute per cigarette 
smoking duration. Figure 1 shows 
a 24-hour period following the 
preliminary smoking of three 
cigarettes under the stated 
conditions (so that steady state 
maximum and minimum concentrations are reached). It is clear from these results that the 
assumption of a constant RSP concentration cannot reasonably be inferred from the smoking 



Figure 1: Modeled RSP vs time profile for smoking 20 
cigarettes in 24 hours. Room volume, RSP per cigarette 
and air exchange rate from EPA appendix C. Nine minutes 
smoking time per cigarette was assumed. 
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pattern described in Appendix C [page C-18]. The RSP concentrations in Figure 1 varybetween 
81 ftg/m 3 just before smoking to 232 #ig/m 3 immediately after smoking. The EPA-estimated 
concentration of 200 ftg/m 3 is 38% higher than the average value of 145 jtg/m? obtained from 
this model. It should be noted that smoking duration is a sensitive variable in the calculations. 
For example, a smoking duration of 5 minutes yields an average concentration of 156 jig/m 3 
(higher by ~ 8%, but still much lower than the value quoted in Appendix G). The 
concentrations of sidestream particles used in the EPA calculations are higher than those reported 
by other researchers [28]. Also, the cigarette tested is not identified. If it is a nomfilter 
cigarette, it poorly represents the average cigarette smoked in the United States. Adams et aL 
have shown that non-filter cigarettes prodtice considerably more sidestream particles than a 
perforated filter cigarette smoked under the same conditions. Furthermore, the sidestream 
particle concentration in the EPA document is 7 to 83% higher than the values reported by 
Adams [28]. 

Temporal concentration variations, similar to those depicted in Figure 1, are corroborated 
by experimental measurement. Eudy, et aL have conducted field studies in which concentrations 
of ETS components, such as nicotine, vary widely with time [29]. Test chamber studies have 
also yielded data which argue against the use of constant concentrations in exposure calculations 
[30,31]. The EPA has ignored this factor and the pertinent references. 

In an earlier publication, the EPA lias stated that "ETS diffuses rapidly throughout 
buildings and homes" [32], (The EPA has mis-used the word "diffuse" in this context It is 
likely that they intend the broader term "disperse.") If this is the case, then a volume of 150 m 3 
may be too small. An average home volume of 353 m 3 [33] has been measured elsewhere for 
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indoor air particulate studies; Correcting for this value reduces the exposure estimate by 
approximately 50%. Finally, the ’per-minute" ventilation rate used in the calculations is 
considerably greater than averages published by ASHRAE [34]. The EPA’s choice again leads 
to overestimation of exposure, uptake, etc. 

Table C-2 presents SS/MS mass ratios of substances found in sidestream and mainstream 
"tar." Equating sidestream "tar* to ETS ’respirable particles’ is incorrect. Previous EPA 
research has shown an ETS particulate yield of 10 mg per cigarette [35]. This is less than half 
the 26 mg value quoted in Appendix C for sidestream "tar." Computing nonsmoker exposure 
to RSP on the basis of sidestream ’tar" then results in overestimation. In addition, little is 
known about how "tar" differs chemically from respirable particles. The "tar’ ratios presented 
in Table C-2 are probably not applicable to ETS respirable particles. Furthermore, quoting 
average data from tables in the NRC report [27] can mislead the reader. In fact there is a large 
spread of ratios in the NRC report which leads to significant error propagation in the EPA’s 
exposure calculations. 

As a result of wide differences in sidestream concentrations (derived from different testing 
methods), and wide differences among sidestream emissions (as a function of cigarette type) [28]; 
die ratios presented in Table C-2 of Appendix C have little or no meaning when applied to real- 
world environments. In addition, this table either incorrectly transcribes entries from the original 
source [27] or miscalculates ’averages.* Specifically, the SS/MS ratios of three compounds are 
incorrectc 3-methylpyridine, 3-vinylpyridine and hydrogen cyanide. Following the EPA’s 
technique of averaging the high and low values of a reported range (in itself a questionable 
practice) to achieve a ’representative value," the proper ratios for these substances should be 8, 
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30 and 0.18, respectively (as opposed to the reported 13, 10 and 30). The ratio reported for 
hydrogen cyanide is two orders of magnitude greater than the properly calculated value. 

As argued above, the concentration factor ”200 pg* in equation (25) exaggerates 
nonsmoker exposure, and the results presented in Table03 are consequently biased: Confidence 
limits associated with each entry are large and should be included in the table. In addition, 
equation (25) tacitly assumes both that ETS chemical component concentrations track RSP 
concentrations, and that the sidestream aging process is unimportant. Neither of these 
assumptions is valid [see, eg., 17,36-39]. 

The data in Table C-4 are not representative of the majority of current indoor air quality 
research. Several reviews and original papers give widely different values, especially for 
measurements taken under more typical smoking conditions [&$, references 40,41). On page 
C-21, a comparison of ratios obtained from Tables C-3 and C-4 is presented. Several important 
considerations are ignored. As discussed in preceding paragraphs, the numbers presented in 
Table C-3 were obtained from data averages covering a wide range of smoking conditions. More 
important, the numbers presented in Table C-4 are concentrations measured in indoor air. 
Although ETS may be a source of many of the compounds in the tables, it does not necessarily 
contribute a major portion to quantities measured. The numbers presented in the table, and used 
in calculating ratios, are total benzene, PAH, n-DMA, etc. No attempt has been made to 
apportion the amount of each substance into ETS and non-ETS sources. Attributing all 
substances measured to a common ETS source greatly misrepresents the complex mix of 
compounds present in indoor air. The Appendix states that ”the reason for die increase in 
benzene after aging is unknown." The most likely reason is that in the environment sampled, 
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ETS contributed only minor amounts of benzene; non-ETS benzene was improperly attributed! 
to ETS. 

A third severe problem with arguments presented on page C-21, is the ’normalization’ 
of all ratios to nicotine. ETS nicotine is a poor predictive marker for other compounds in ETS 
[18-20,42]. Recent investigations have shown that this problem arises in part from its ready 
tendency to adsorb on and desorb from surfaces [18,22]. Ratios of nicotine to other ETS 
components vary widely, e.g.\ 4.4 to 53 /xg RSP//xg nicotine [20;43]. The use of niootine for 
standardizing ratios of other ETS constituents leads to overestimation of exposure by as much 
as 1000% in some instances. 

The statements on page C-26 are irrelevant. Doses of nicotine calculated 1 for exposure 
to ETS are trivial. Although nicotine may be a precursor of NNN and NNK in tobacco leaf [44- 
46] and it has been speculated by Hoffmann and Hecht (1989) to be a precursor of NNK in vivo, 
there is no evidence to support this speculation. In fact, there is evidence against in vivo 
convention, and chemical studies show that the nitrosation reaction is so slow as to make such 
in wo conversion highly unlikely [47,58)1 The statements regarding NNN and NNK are likely 
to mislead the reader into mistakenly believing that nicotine taken into a nonsmoker’s body will 
form these compounds. Finally, nicotine is problematic as a quantitative ETS biomarloer. Some 
problems have been discussed previously in other sections of this review. See Sectioo I.F. of 
the main RJR comments. 

On page C-28, the EPA estimates the uptake of RSP by a nonsmoker. Alternative 
calculations are presented in RJR’s Sample Calculation in this review. RJR’s sample calculations 
are based upon a time budget for a nonsmoker who works in a smoking-allowed -office and who 
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is married to a smoker. These assumptions will overestimate ETS exposure by the population 
at large. Concentrations used are obtained from studies involving hundreds of measurements 
taken in real-world settings. Based on RJR’s Sample Calculation, the nonsmoker so described 
has an uptake of -269 fig RSP per week (38 /ig/day). This amounts to -0.02% of the RSP 
exposure of a smoker during the same period of time. These results illustrate not only 
shortcomings of the EPA calculations, including input parameter bias, but also the variations 
produced by other estimations. 


Comments on C.5 

The calculations in Section C.5 follow from the biased calculations in Section C.3. At 


the very leasts Section C.5 should be recalculated taking into account comments provided in this 
review. Use of the same half-life for particle removal from the P region of smokers and 
individuals exposed to ETS is inaccurate. On page C-30, the flow of mucus, and hence the 
removal of particles, in the TB region of smokers is reduced by a factor of 2. It does not seem 
likely that the removal of particles from the P region of nonsmokers’ lungs would be equivalent 
to the removal from smokers’ lungs. Use of an alveolar half-life in smokers to represent 
nonsmokers may lead to an overestimation of internal organ burden in nonsmokers. 

Data relating to nicotine on page C-30 are irrelevant Nicotine is a hygroscopic 
compound and is miscible with water [48]. The absence of hygroscopic growth of ETS particles 


described on page C-28 suggests that ETS particulate matter, unlike mainstream particles, is 


composed primarily of hydrophobic compounds. For this reason, equating the behavior of 


nicotine to ETS particles in the lung is inappropriate. 
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The calculation of daily internal organ burden for RSP on page C-31 is flawed for the 
reasons described throughout this review. Arguments presented earlier suggest that the 
propagated error at this point is large for the values presented in the tables. Absence of 
reference to original manuscripts, failure to substantiate the validity of assumptions, and biased 


review of exposure data used in the calculations are disturbing . This section should be discarded. 
Minimally, it should be rewritten with attention paid to verification of assumptions and! 
propagation of error. 


Comments on C.6 


See Section I.F of the main RJR comments. 
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RJR SAMPLE CALCULATION 


Calculation of weekly ETS-RSP exposure of a male nonsmoker who works inan office in which 
smoking is permitted and takes ptece and who is married to a smoker. 

Given: 

1 week « 10,080 minutes 
Assume 90% of time is spent indoors 
9072 minutes spent indoors 

8 hours sleep per day = 3360 minutes 

9 hours per day at office *= 2700 minutes 

(8 hr. workday + 1 hr. for lunch) 

1 hour per day commute = 300 minutes 
5 hours per week in restaurant = 300 minutes 
Remainder of time awake at home = 2412: minutes 


Weekly Exposure Estimate: 


Sleeping: 

73 - 4 - X 3360-2^ x10'*— x »i£ • 831 
min wtek t m * week 


At Work: 
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In Restaurant: 



x 300 


min 

w—k 


xIO *— x 59-** - 142-^- 
( /n* nvflr 


Remainder at Home: 



X 2412-E!»L x10 *-2! X 33-^ • 710-^ 


w—k 




Commute: 

No Exposure 


Total Exposure: 


2,685 ng RSP/week from ETS 


Assuming a 10% retention [49]: 


269 ng ETS RSP/week retained 


Total dose to smoker from EPA document: 

1,344,000 pg RSP/week. 

Relative dose to exposed nonsmoker: 

A nonsmoker's tobacco smoke particle uptake is only 0.02% of smoker's uptake. 


Note: 

Restaurant and office data are based upon arithmetic mean of data obtained from previous 
surveys. The data are lbgnormally distributed, therefore the arithmetic mean will overestimate 
the exposure to the average person. Use of a geometric mean is a more appropriate method for 
estimating average exposure. When the geometric mean is substituted into the previous 
equations, the nonsmoker relative dose is reduced still further. 


B 18 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnx0000 


2023381205 



Sources: 


ETS Exposure in the home was taken from the data of Leaderer (survey of 393 homes) [33]. 

ETS restaurant data are from a series of surveys of 239 restaurants in the US and Ottawa [50-55] 
for which an apportionment of RSP to ETS and non-ETS fraction was available [56]l 

ETS office data are from a series of surveys of 206 offices in the US and Ottawa [50,52,55,57]. 
Smoking was permitted and observed in each office included in the surveys, RSP apportionment 
[56] information was available for each office Used in the calculations. 

Breathing rates were obtained from the ASHRAE Handbook, Fundamentals Volume [34]. 
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Appendix D of the Health Assessment discusses potential methods for the derivation of 
a dose-response model for ETS exposure and age-specific lung cancer death rates. Appendix D 
presupposes that a causal connection has been established between lung cancer and ETS 
exposure. No such causal connection has been established, the appendix should be deleted from 
the Risk Assessment. However, since the EPA solicits comments, we have reviewed this 
appendix and provide comments on several shortcomings. 

The Agency identifies three elements that are required to generate dose-response modeling 
approaches to directly estimate the "number of lung cancer deaths in nonsmokers attributable to 
ETS": (1) the distribution of the time-weighted exposure of ETS in a nonsmoking population, 
(2) the age distribution of the nonsmoking population, and (3) a mathematical dose-response 
model describing the relationship between the age-specific lung cancer rate and the independent 
variable age, sex, race and ETS exposure. The Health Assessment at D-l. The Agency suggests 
that it has already collected sufficient information with regard to elements one and two to 
perform the modeling. Nowhere is that information presented. The assertion that' the time- 
weighted exposure of ETS in the nonsmoking population is known with certainty is baseless. 
Even less is known about time-weighted ETS exposure to specific age groups. Measurement of 
ETS is a complex undertaking for which no consensus methodology exists. 

Appendix D is devoted to suggesting alternative approaches for fulfilling the third element 
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1. Establish a dose-equivalent relationship between ETS and a positive 
control such as inhaled benzo[a]pyrene (B[a]P) which has an 
animal-based inhalation cancer dose-response model associated with 
it. Heavy use would be made of animal carcinogen test results in 
this approach. This approach will be subsequently referred to as 
the Relative Potency Approach ("RPA"). 

2. Establish an equivalency relationship between the number of 
cigarettes smoked per day and ETS exposure levels in mg/m 3 
inhaled air. This relationship would then be used to estimate risk 
based on direct state-of-the-art cigarette smoldng dose-response 
model obtained from multiple sources of epidemiological data. 

This will be referred to as the Cigarette-equivalent Approach 
("CEA"). 

3. Use ETS epidemiological studies where a dose-dependent increase 
in the risk of nonsmoking women is associated with ETS. This 
wifi be referred to as the Direct Approach ("DA"). 

The Health Assessment at D-2. The CEA presumes: that smoking causes lung cancer, that the 

epidemiologic data are quantitatively accurate and not confounded, and that ETS exposure is a 

quantitative variant of smoking. None of these assumption is accurate. Decades of research 

have failed to prove that smoking causes cancer and, as demonstrated by RJR’s comments in 

Section II. G., ETS exposure cannot be quantitatively related to cigarette smoking. As the 

Agency concedes, there are no data available to derive an ETS dose-response model using the 

DA. In fact, the absence of those data is a fundamental flaw in the Agency’s Health 

Assessment. RJR’s further comments are restricted to the RPA. 


T HE REL A TI V E 




NCY APPROACH 


by using the data collected by Grimmer et aL , 1988, in a rat implant study. The Agency then 
suggests a number of alternatives upon which a standard inhalation dose-response model could 
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be based: (1) hamster inhalation B[a]P dose-response, (2) rat inhalation diesel exhaust dose- 
response, and (3) human inhalation coke-oven response. 

EUIE 

The Agency relies on the work by Grimmer et aL , 1988, to derive the relative 
carcinogenic potency of ETS to B[a]P. This reliance is misplaced. That study employed' an 
animal model using beeswax pellets that were surgically implanted by thoracotomy into rat lungs. 
The method is an extreme, highly artificial approach that does not in any way simulate the 
qualitative or quantitative aspects of smoking or ETS exposure, and human target doses cannot 
be predicted from this model. The beeswax pellet itself provides a strong foreign-body tissue 
response in rat lungs, and this would be expected to contribute to tumor development The 
pellets are not passive delivery devices. In earlier work (Hirano et aL , 1974), two control' 
animals with beeswax pellets alone developed squamous metaplasia, which indicates the degree 
of irritation produced, Therefore, data obtained using the beeswax technique are totally 
inappropriate for quantitative risk assessment. 

The EPA ignores other workon beeswax implantation (Grimmer et aL, 1987a) that should 
be included as part of Table D-ll. This work has shown that the contribution of B[a]P to total 
carcinogenicity of flbe gas condensate is less than 2%. Data are also available on diesel exhaust 
condensate (Grimmer et aL , 1987b). 

The lung implant technique used by Grimmer does not allow accurate estimates to be 
made of the actual dose. In addition, as the EPA points out, the exposure levels will most likely 
exponentially decrease with time. Multiple exposures cannot be used. Overall, the technique 
is very non-representative of any human exposure. The Office for Science and-Technology 
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Policy (1985), in its review of carcinogenesis, points out that the data derived from such highly 
experimental systems are not relevant to human exposure. The OSTP uses as examples pellet 
implants in urinary bladders and subcutaneous injections in experimental animals* which are 
analogous to the lung implant studies. 

The Agency suggests at D-6 that ETS condensate was implanted in the rats’ lungs. In 
fact, sidestream smoke condensate was used. EPA’s Appendix D presents many details of the 
work that are not in fact present in the original Grimmer article, e.g., duration of study, method 
of introducing the implant, and the histological typing of the neoplasms. The Agency should 
describe the source of this unpublished information. In addition, the EPA specifically neglects 
to mention one of the data sets from the original Grimmer paper, ie., lack of a strong dose- 
relationship. 

Tables D-2 and D-3 import historical lung tumor control data from a different laboratory 
(Goodman, 1980). The combined data set is used in the establishment of a model: This 
combination of data from different laboratories in different countries in different years using 
different pathologists is scientifically unacceptable. 

The conclusion reached by the EPA, that the implant technique can be used to estimate 
the relative potencies of other complex PAH mixtures including, by implication, ETS, is invalid. 


Hamster Inhalation BfalP Dose-Response 

Only a single group of workers (Thyssen el aL , 1981) have shown inhaled B[a]P to cause 
cancer. Several other groups have failed to replicate the observations (Pepelko, 1984). 
Anatomically, the cancers reported by Thyssen et aL to occur as a result of B[a]P inhalation were 
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not lung cancers. They were neoplasms of the nasal cavity, larynx/pharynx, trachea, esophagus, 
and forestomach and so are irrelevant to any discussion of lung cancer. 

No evidence is given on the histologic typing of the neoplasms in the Thyssen B[a]P 
inhalation experiment; they could have been non-malignant. The EPA statement that careful 
histopathological examinations were made on each animal is not supported by the description or 
the published report. 

The data in Table D-5 (the number of hamsters with one or more malignant laryngeal or 
pharyngeal tumors) cannot be obtained from the Thyssen paper to which the table refers. Other 
results presented in the table including lifetime exposure, average survival 1 time, animals 
examined, are different than those published in Thyssen’s paper. Moreover, the Thyssen paper 
is deficient in many technical areas and should be viewed as a technical note providing 
uncorroborated data - not as a reference method for use in extensive modelling. The modelling 
technique used and quoted by the EPA has not been published and comments can therefore not 
be made. 

The value of models based on inhaled B[a]P is thus questionable. The conclusion reached 
by the EPA on the use of Relative Potency Approach (RPA), namely that such an approach can 
be used to generate comparative data on ETS, is not valid for the reasons given above. 

Diesel Exhaust Study 

EPA’s Appendix D reviews only cursorily the diesel exhaust inhalation study of Mauderly 
(1987). This limited review, only 21 lines of text, is despite the fact that the diesel exhaust 
study was designed to be a pulmonary carcinogenicity study, and uses a material which in some 
respects is more similar to ETS than the other described approaches (the EPA do cum ent uses the 
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ambiguous phrase "the PAH-matrix is reasonably similar to the type one might expect with 
human exposures"). In exposures of up to 30 months (7 h/d, 5 d/w) at RSP concentrations at 
least 100-fold higher than typical ETS concentrations, ie., 35 mcg/m J , the diesel study showed 
no increase in malignant lung turnon. Only in the high exposure groups (200 times typical ETS 
RSP concentrations) were malignant tumors found. The diesel exhaust data show that the rat can 
respond positively in an inhalation carcinogenicity study, the test material producing a few 
malignant turnon. However, such results are not found at lower concentrations, lower but still 
much higher than typical ETS concentrations. At doses of diesel exhaust, 100-fold greater than 
ETS exposure, no differences were noted from sham exposed animals. The minimal attention 
to a key paper, and a lack of an examination of the dose response and 1 a comparison with likely 
ETS exposures, is a misrepresentation of the relevant facts by the Agency. 

Conclusion 

The models presented rest on unfounded assumptions and scientific data which, even if 
they can withstand peer scrutiny, are irrelevant to human ETS exposure. Appendix D does 
nothing to inform the public about potential health-related effects of ETS. Instead it is an 
arbitrary exercise which is an abuse of the Agency’s discretion because its existence is an 
attachment to the Health Assessment implies that it contains useful information on that subject 
It should be withdrawn. 
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SUMMARY 


Eight non-smokers were experimentally exposed to cigarette smoke by 
staying in a poorly ventilated room together with heavy smokers for 6 h. Air 
samples were taken and the extract appeared to contain mutagenic substances. 
This is in accordance with the presence of carcinogens in tobacco smoke. 
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microsome asstQpJThis observation suggests that there is a causality in the 
association between increased cancer risk and passive-smoking, as was found 
by oth er investigators. 


INTRODUCTION 

It is a question of far-reaching significance, whether passive inhalation of 
tobacco smoke has only annoying, reversible effects like irritation of the 
eyes and the respiratory tract, or can cause permanent injury to health. Does 
passive smoking on the long run lead for example to an increased risk of 
cancer? 

In 1981 Trichopoulos et al. [13] reported results from a case-control 
study demonstrating a statistically significant association between husbands 
smoking and women’s cancer risk. About the same time, Hirayama [8] came 
to the same conclusion on the basis of a more extensive epidemiological 1 
investigation. He stated that passive and involuntary exposure to cigarette 
smoke markedly increases the risk of lung cancer. Contrary to these reports 
Garfinkel [7] failed to show such a statistically significant relationship. 

Recently , the discrepancies between the results of these epidemiological 
studies have been discussed at length [10,11]. In particular, objections were 
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made to the quantitative interpretations with respect to the increased risk of 
lung cancer in passively smoking women. 

In the present investigation an attempt was made to study the causality 
of an increased cancer risk due to passive smoking. Thereto, urine samples of 
passive smokers staying in a smoky room for 6 h were screened for the 
presence of mutagens. Measurement of urinary mutagenicity has been used 
successfully to establish environmental exposure to mutagenic or carcino¬ 
genic agents. In previous studies it was shown that active cigarette-smoking 
leads to the appearance of mutagens in the urine [4,17], Other investigations 
are dealing with urinary mutagenicity after occupational or therapeutic 
exposure to carcinogenic substances [2,5,12], 

MATERIALS AND METHODS 


Collection of urine samples 

Urine samples were collected from 8 male non-smokers,and 10 smokers 
of either sex. The age of the subjects ranged from 25 to 36 years. It was 
assured that the non-smokers did not use any drugs. The non-smokers together 
with the heavy smokers stayed in a room (110 m*)i with poor ventilation 
for 6 h. During this period 157 cigarettes were smoked by the smokers. Just 
before the exposure was started, urine was collected and discarded. There¬ 
upon urine was collected for a 12-h period. In addition urine of non-smokers 
was collected for the same period the day before and the day after the ex¬ 
posure to cigarette smoke. After collection, the urine samples were stored at 
-20°C until assayed. All samples were handled at one go to avoidi negative 
influences of variations in the assay on the final result. 

Method for concentrating mutagens present in urine 

Thirty percent of a 12-h urine sample was loaded on an amberlite XAD-2 
column with a 4-cm 5 bed volume. The column was washed 3 times.with 5 ml 
of aqua dest. The adsorbed material was eluted with 10 ml of acetone. The 
eluate was evaporated to dryness under nitrogen at 60°C and the residue was 
dissolved in 0.45 ml of dimethylsulphoxidfe. 

Air sampling 

During the stay of persons in the room filled with smoke, a total of about 
500 £ of smoky air was bubbled (1.3 £/min) through 2 cylinders (in serin) 
filled with ice-cold hexane. The same was done 1 day before and 1 day after 
the experiment, when no smokers were present in this room. The hexane 
portions were combined and evaporated to dryness, using a rotary evapo¬ 
rator. The final residue was taken up in 1 ml of dimethylsulphoxide. 

Salmonella/microsome assay 

Urine and air concentrates (0.1 ml per plate) were assayed for mutagenicity 
with the Salmonella typhimurium tester strain TA1538 in the presence of 
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89 mix [1], Every determination was dbne in triplicate. After incubation of 
the plates for 48 h at 37°C the number of revertant colonies was countedi 

S9mix 

The 89 mix was prepared according to Ames et all [1] and containediper 
ml, 100^1 of a hepatic 9000 X g supernatant from Aroclor 1254 induced rats 
and a NADPHrgenerating system. 

Statistical analysis 

The experimental data (8 cases (i= 1,2,..,8); 3 observations (j = 
1,2,3)) were handled as foUows. In our particular case we formulated the 
nulihypothesis: H 0 : per case there is no preference for the highest value in 
any of the 3 observations;and the alternative hypothesis, H t : per case there 
is a preference for the highest value in the second observation. This results 
in a binomial test with probability of success 0.33 if H 0 is true. “Success” is 
defined as “the value of the second observation being tile highest”. 

RESULTS 

Mutagenicity in urine 

Urine samples of 8 non-smoking persons were collected before, during: 
and after the passive exposure to cigarette smoke and mutagenicities were 
measured. The results are shown in Table 1. For 6 out of 8 persons highest 

TABLE 1 

MUTAGENICITY OF URINE FROM PASSIVE SMOKERS 


Nonemoker ue* 


Collection of urine samples 1 


Day before 

passive 

smoking 

Day of 
passive 
smoking 

Day after 

passive 

smoking 

a 

14 

6.6 

3*1 

b 

8.4 

4.2 

23 

e 

8.9 

8.4 

2*3 

6 

8*1 

8.0 

2.4 

• 

8*8 

-2.7 

2.2 

f 

8.1 

4 J2 

3.2 

1 

8.4 

8.1 

1.8 

h 

4.0 

8.1 

2.9 


•R fIRg m Mean no. of rrvertant* found with urine/Mean no. of rcvartante found with 
aquadatt. 

* Detailed information la given in Material* and Methods: 
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values were observed at the day of passive smoking. Statistical analysis of the 
data revealed a significant enhancement of urinary mutagenicity during 
passive smoking (P « 0.02). 

Urine of the 10 smokers was collected the day of the experiment and 
handled in the same way as the urine of the passive smokers. Relative urinary 
mutagenicity values (R T /R S ) ranged from 9.0 to 42.0 with a median value of 
23.0. 

Mutagenicity in the air 

During the passive smoking experiment the ambient air in the room, 
gradually contaminated with cigarette smoke, was tested for the presence 
of mutagens. A concentrate equivalent to 50 £ of air, containing the cigarette 
smoke, revealed 155 revertant colonies per plate. Testing a concentrate of an 
equal volume of air from the same room the day before or the day after, 
when no smokers were present, revealed 12 and 16 revertant colonies per 
plate, respectively. 

DISCUSSION 

These results clearly indicate that during experimental conditions, simula¬ 
ting passive smoking, compounds are inhaled that lead to urinary excretion 
of products which are mutagenic in the Salmonelia/micxosome assay. This 
finding is in good agreement with the observation that the ambient air in the 
smoky room contained a substantial amount of mutagenic substances as 
compared with the background as measured the day before and the day after 
the experiment. The mutagenicity in the air sample is in conformity with the 
data about the presence of carcinogens in tobacco smoke. In 1964 
Galuskinova [6] reported the presence of benzo[fl]pyrene in the smoky 
atmosphere of social meeting rooms and restaurants. Other investigators 
found that the amount of some carcinogens, e.g. 0-naphthylamine, in side- 
stream smoke is many times that in mainstream smoke [14]. 

Since it is generally acknowledged that most of the genottoxic carcinogens 
can be detected by in vitro mutagenicity tests, our results about the muta¬ 
genicity in urine of passive smokers can be considered as an indication of 
carcinogenic exposure. This is in support of the reports of Hirayama 1 [i8] and 
of Trichopoulos et al. [13], who suggested a statistically significant associa¬ 
tion between husbands smoking and women’s cancer risk. Nevertheless it can 
be doubted whether the estimations of the relative risks due to passive 
smoking; as made by these authors, are realistic [11]. 

It is known that the incidence of lung cancer is well-correlated with the 
smoking habits of the people concerned (3,16). In a previous paper we 
showed that there exists a relationship between the mutagenicity in urine 
and the number of cigarettes smoked (4). It is an interesting question, 
whether urinary mutagenicity might give in some way a reflection of the 
relative cancer risk of smoking. 
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In the urine of 8 non-smokers we found a median urinary mutagenicity 
value (R t /R s ) of 3.7 during the experimental passive-smoking. The median 
urinary mutagenicity value of these persons on the day before and after the 
passive-smoking experiment was 2.8. In urine of the T O heavy smokers 
(> 20 cigarettes/day) we found urinary mutagenicity values ranging from 9.0 
to 4.2 with a median value of 23.0. Thus the increase in urinary muta¬ 
genicity due to the passive exposure to cigarette smoke is about 4% of the 
increase observed with the active smokers during the experiment. Judging 
from these data, it is very tempting, though speculative, to suppose that the 
increased risk of cancer for passive-smokers under comparable circumstances 
is of the same order of magnitude. 

During the last decade society has become very concerned about the 
environmental cancer risk. Inhalation of air-pollutants, like PAHs produced 
in the combustion of, for instance, coal and oil, has been considered as a 
major cause of the increased pulmonary cancer [15]. For smokers the risk is 
multiplied, because the presence of many other carcinogenic substances in 
the cigarette smoke. It is important to note that the benzo[c] pyrene concen¬ 
tration of cigarette smoke is 500—1000 times higher than the average value 
in the city air [15]. In addition* cigarette smoke may contain inducers of 
microsomal oxidation by which other pre-carcinogenic substances are con¬ 
verted into their active forms [2,9]. 

The experimental results of the present study and the available epidemi¬ 
ological data suggest that non-smokers involuntarily inhale potential carcin¬ 
ogens. Strategies to control the environmental cancer problem can be only 
successful if the health-hazards of passive smoking are sufficiently acknowl¬ 
edged. 
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Summary.’Several biochemical and biological measures of tobacco smoke 
intake were used to evaluate exposure of restaurant personnel to environ¬ 
mental tobacco smoke as compared with active smokers and non-exposcd 
non-smokers. All of the measured parameters - carboxyhaemoglbbin 
(COHb), thiocyanate (SCN) and cotinine in plasma, cotinine and muta¬ 
genicity in urine, total white blood cell count (WBC), and sister chromatid 
exchange (SCE) frequency in cultured lymphocytes -• were significantly - 

elevated in the smoker group (n - 22) compared to the non-exposed group ;i 

(n « 20). Work-related passive exposure (n - 27) was seen most clearly in | 

the cotinine values, both from plasma (mean P-cot in passive smokers 10 ng/ * 

ml vs 5.2ng/ml in non-exposed) and from urine (mean U-cot in passive )] 

smokers 56 ng/ml vs 8-3 ng/mi in non-exposed), but significant increases ( 

were also seen in the thiocyanate levels (mean P-SNC in passive smokers l 

58 pmol/l vs 46 pmol/I in non-exposed) and, as a preliminary finding, in total 
leucocyte count (in passive smokers 8.0 x IQ*/1 vs 6.8 x liffi in non-ex- 
posed). The results demonstrate that environmental tobacco smoke maybe 
an occupational health hazard. 

Key words: Tobacco smoke - Occupational exposure - Cotinine - Thiocyan¬ 
ate - Carboxyhaemoglobin - Genotoxicuy ^ 


Introduction 

Tobacco smoke contains a large number of irritative (1,21. carcinogenic (3). and 
mutagenic compounds [4j. The severe health risks of smoking, mainly associ¬ 
ated with chronic lung diseases, cardiovascular diseases and lung cancer are well 

Offprint requests to: K. Husgafvel-Pursiainen. Institute of Occupational HealthiTbpeltuksen- 
katu 41 a A. SF-00250 Helsinki. Finland 
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echylhorcoiirune as an internal standard (15|. TouJ leucocyte counts were obtained with an 
automated blood cell counter (Coulter). For urinary mutagenicity testing* urine samples were 
first standardized for creatinine to 4 mmol/1 and then concentrated in XAD-2 resin for analysis 
of the urinary mutagenicity [16]. The mutagenic activities were analysed by the bacterial fluc¬ 
tuation test, using Salmonella ryphimurium strain TA98 with rat liver $-9-mix as the indicator 
system [17], The highest volume tested. 25 gal of the urine concentrate, corresponds to 6.25 ml 
of the original standardized urine sample (0.025 mmol of creatinine). The cytogenetic investi¬ 
gation was performed in cultured peripheral blood lymphocytes by the wter chromatid ex¬ 
change technique. The cultures were set up using 0.2 ml whole blood in 4iml cultures contain¬ 
ing RPMI1640 medium supplemented with 15% fetal calf serum and 15 5+bromodeoxy- 
uridine. An acceptable amount of differentially stained metaphases for the SCE analysis, 30 
to 50 per person, were obtained for 46 persons from the whole blood cultures, and analysed 
on coded slides by one person. 

Swrisacai analysis. Statistical evaluation was performed by Student's r*test [IB| and linear cor¬ 
relation! 


Results 

Tabic 1 shows the mean concentrations of the biochemical and biological mea¬ 
sures in the three groups studied, i.e. in non-exposed non-smokers, non-smok¬ 
ers who had been exposed :o environmental tobacco smoke 40 ± 5 h per week, 
and in cigarette smokers. The biochemical markers, carboxyhaemogiobin and 
plasma thiocyanate, are widely used, even though they are unspecific for 


fable 1. Mean values (and SD) of biological and biochemical measures by the degree of tobacco 


moke exposure 



Non-smokers 

Smokers 




Exposure 


10-19 

20—i0 

All 


None 

J0h/wk 

tig/d 

cig/d 



(n • 20) 

(« - 27) 

(«■ 8) 

(n • 14) 

i (« - 22) 

3iochtmical 






larboxy haemoglobin (%) 

0.6 

0.7 

3J 

4,6 

4.2— 


(0.2) 

(0.3) 

(U) 

(2.6) 

(2.3) 

Tasma thiocyanate (pmol/1) 

46 

58” 

136 

149 

144— 


(16) 

(18) 

(•«) 

m 

(45) 

hoioficat 






.eucocyte count (x 1Q*/1) 

6.S 

8.0* 

10.0 

9.1 

9.4— 


(1.3) 

(1.4) 

(3.5) 

(2.8): 

(3.0) 

ister chromatid exchange 

7.37 

7.92 

8.53 

9.40 

9:06f 

(SCEs/ceUr 

(0.68) 

(0-65) 

(13) 

(0.77) 

(l-l) 

irinary mutagenicity 






No. positive sampks/no. tested 

l 1/17 

o/26 

4/3 

mi 

12/19 

Induced revertants/ 

4.2 

4,7 

16.4 

19.9 

| 17.5— 

25 pi urine concentrate 

(2.2) 

(9.7) 

(15.7) 

(12.7) 

(8-4) 

Non-smokers: n - 14 fornon-exposed. it - 

20 for exposed: 

<i - 12 for smokers 1 



P <0.05: •• Pc OiOl; — P <0.001, compared with the mean value of the non-exposed group: 
-railed Student's /-test 
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Table 2. Mean plasma and urinary cotinine concentrations in non-exposed non-smokers, non- 
smokers with occupational exposure to tobacco smoke and smokers 



Plasma (ina/ml) 


Urine (ng/ml) 


Number 

Mean 

(SD) 

Number 

Mean (SD) 

Son-smokers 

Non-exposed 

20 

5,2 

(1.5) 

20 

8.3 (6.7) 

Exposed at work 

26 

|Q*** 

(JO) 

27 

56*** (37) 

Acm e smokers 

10-19 rie/d 

S 

219 

(87) 

3 

1452 (539) 

20—U) cig/d 

14 

257 

(98) 

13 

1656 (333) 

All 

22 

246— 

(91) 

21 

1573— (765): 


*•* P < 0.001. compared with the non-exposed group; 2-tailed Student's Mest 


i 

i* 



rtorr-smoktrs no*- s mokers 


Fig. L Distributions (and means} of cotinine 
concentrations in urine among non-smokers. 
• r non-smokers exposed to environmental 
tobacco smoke 40 h/week at work: 

O: non-smokers exposed at work and at 
home; A: non-smokers with no exposure: 

A: non-smokers with occasional exposure at 
work 


tobacco smoke exposure. The actively smoking waiters and waitresses showed 
significantly increased levels of carboxyhaemoglobtn and thiocyanate con¬ 
centrations. Also; the mean concentration of plasma thiocyanate in the passive¬ 
ly exposed group (5Spmol/l) was significantly elevated, when compared with 
the mean value among; the non-exposed non-smokers (46 pmol/lt P < 0.05; 
Table l). However, the mean value for the carboxyhaemogJobtn in exposed 
non-smokers did not deviate from the corresponding value in the non-exposed. 
non-smoker group. 

The mean concentrations of urinary and piauma cotinine for all three study 
groups are given in Table 2. The different exposure groups showed si^rtlficantly 
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different mean values. The urinary cotinine concentrations for the passively ex¬ 
posed restaurant personnel and for the non-exposed I controls are shown in 
Fig. 1. The ranges for the cotinine concentrations uetermined in plasma were 
83-418 ng/mll 4:9^20.3 ng/ml and 3.5—SJne/ml for the actively, passively and 
nonrexposed!groups; the ranges of cotinine in unne were 480-3810ing/'ml. 9.0^ 
ISO ng/ml and 3.0-29 he/ml. respectively, 

A similar trend was obtained for the biological parameter* measured 
(Table l); the highest values were seen in active smokers, while the mean for 
the passively exposed group was between the levels for the non-exposed and the 
actively exposed persons. The mean urinary mutagenic activity, indicating in¬ 
take and excretion of mutagenic compounds, was increased in smokers, but the 
exposed non-smokets did not show significantly increased activity as compared 
with the non-exposed controls. However, the number of positive urine samples 
was four among the 26 tested passive smoker samples compared with one 
among the 17 control samples and 12 among the 19 smoker samples. The mean 
value for total leucocyte count in the passive smokers was found to be above the 
level observed' in the non-exposed group (Table l; mean tor ex-smokers 7.2 x 
10% n » 12 and for never-smokers 8.6 x 10% n =* 15, in passive exposure 
group). Table 1 alio gives sister chromatid exchange frequencies analysed in the 
metaphase chromosomes of cultured lymphocytes. The active smokers had the 
highest mean frequency, but no difference was observed between the means in 
the two non-smoker groups. 


Discussion 

The results of the present study show that non-smokers, who regularly work in 
environments with heavy smoking, intake clearly detectable amounts of several 
components of tobacco smoke through passive exposure. The overaiMevel of 
tobacco-specific markers of intake was somewhat higher than in previous 
studies based on self-reported estimates of exposure [8J. For urinary cotinine, 
the mean concentration in exposed non-smokers was 3J% of the level found in 
smokers, and the level for plasma cotinine was 4.1% of that observed in smok¬ 
ers; in the non-exposed non-smokers the respective values were 0.5 and 2.1%. 
The nature and the consistent)' of the exposure in the restaurant environment, 
together with the physical activity while working, may have led to increased in¬ 
take of paniculate phase components of tobacco smoke. The active smokers in 
the present study showed concentrations of biochemical measures comparable 
with data from the literature {S* 19.20|. 

Although no air parameters specific to tobacco smoke were measured in the 
restaurants, the concentrations of polynuclear aromatic compounds including 
total polynuclear hydrocarbons (iPAHs) and benzo(a)pyrene (BaP) as well as 
the amount of total particulate matter in the air were determined and found to 
be relatively high {highest values 167.3ng/m\ I3.3ng/nr and 1.4mg/m x for 
PAHs. BaP and total airborne particulate matter, respectively [2i|. 

Carbon monoxide, a gas phase component ot tobacco smoke, has been 
found to be associated with subjective irritative symptoms in experimental situ- 
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ations at CO concentrations exceeding 2 ppm [22J. Compared with the non-ex- 
posed control group* the passive smokers did not show significantly higher level 
of carboxyhaemoglobin in their blood after 3 to 5h of work. The COHh levels 
in both groups of non-smokers were slightly lower than observed previously 
among urban non-smokers, either in experimental [25.24] or natural [8,25-27] 
settings of passive tobacco smoke exposure: only four passive smokers had a 
carboxyhaemoglobin level > i% . CO concentration in the air was measured in 
one of the restaurants and it was at a moderate level (6 to 9 ppm). 

The thiocyanate concentration in plasma and involuntary exposure to to¬ 
bacco smoke have previously been found not to be related [8]|or to be only 
weakly correlated![28]L Still, maternal as well as fetal SCN has been found to be 
increased in association win passive smoking of the mother [29]. In the present 
study, SCN in long-term, passive smokers was significantly (P<0.05) at a 
higher level than in non-smokers with no regular smoke exposure. Among the 
smokers, plasma thiocyanate concentration was correlated both with the 
ootinine values in plasma and in urine (P-SCN vs P-cot, r » 0*43, P < 0,05; 
P-SCN v$ L r -cot. r - 0.48, P < 0.05). but no significant correlation 1 between 
these parameters was observed among passive smokers or non-exposed controls 
(among passive smokers: r = 0.34, r = 0.08, and controls: r = 0.23, r - 0:32, 
resp.). Differences in the dietary sources of plasma thiocyanate may influence 
the results in the non-smoker groups, who have lower levels of tobacco smoke 
exposure [30.31], both thiocyanate and cotinine are metabolites with relatively 
long halt-lives [31,32], which means that they rather measure average daily ex¬ 
posure than acute exposure. This makes them suitable for monitoring primarily 
long-term exposure situations* such as work-related exposure in restaurants. 

In the present study we found the overlap in the cotinine values between the 
active smokers and the passively exposed non-smokers to be negligible. Jarvis 
et all [8] estimated the cut-off point for plasma cotinine for discriminating active 
smokers and non-smokers to be 20ng/mL On the basis of this criterion,, our 
passive smoking population was comprised of true non-smokers: only one non- 
smoker showed a cotinine concentration in plasma that was above the cut-off 
point. She was a 42-year-old waitress with 20.8ng/ml cotinine in plasma and! 
180ng/mi in urine; but here COHb saturation was only 1.20% and' plasma 
thiocyanate 51 umol/1. These values are lower than found in active smokers. 

The biological measures (WBC, SCE) reflecting not only intake of tobacco 
smoke components, but also biological changes associated with the exposure, 
were elevated in the active smokers as shown previously [3.33-35]. Interest¬ 
ingly, according to our preliminary finding, the total leucocyte count appears to 
be at an intermediate level among the passive smokers in relation to smokers 
and ‘non-exposed'non-amoKers. This observation needs to be confirmed, in 
further studies, since the diurnal variation in the white bloodkell co»nnt 136,37] 
may cause bias nn tne results due to airterences in timing of the blbod sampling. 
However, when the data from the exposed samples (active or passive exposure) 
were pooled: the total leucocyte count correlated with plasma and urinary 
cotinine values ( r = 0.41 and r = 0.45, P < 0*011). It is difficult to evaluate the 
significance of this unspecific finding. Recent epidemiological observations 
have suggested that the total leucocyte count may be of prognostic importance 
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for coronary heart disease and cancer mortality (33]- The WBC count has also 
been found to correlate inversely with lung function measurements (39]. In 
accordance with some earlier results (40 4 4!l !][ the mean frequencies of sister 
chromatid exchanges were closely similar in both non-smoker groups, although 
the extracted I air samples from the restaurants were highly active in inducing 
SCEs when tested in mammalian cell cultures [2l]l In experimental situations, 
passive smokers have shown mutagenicity in urine [14,42]. In the present study, 
the passive smokers showed only a trend of higher urinary mutagenicity comr 
pared to the twin-exposed persons, although the samples of tobacco smoke com 
taminated air were strongly mutagenic in the bacterial test (?!]. 

The results of the present study support the use of cotinine and/or thiocyan* 
ate to measure passive exposure to tobacco smoke. From the intake markers 
utilized* plasma and urinary cotinine as well as plasma thiocyanate values indi¬ 
cate exposure of the non-smokers to the respective tobacco smoke components 
in the occupational environments These indicators thus suggest that exposure to 
other components of tobacco smoke, including genotoxic ones, may have occur¬ 
red. 
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Preface 


THE 1986 MEETING ONi EXPERIMENTAL TOXICOLOGY OF 
PASSIVE SMOKING* 

The goal of the meeting was to stimulate the exchange of new information among 
toxicologists and other medical scientists actively involved in experimental studies 
of the problem of passive smoking. 

It has not been more than a few years since the medical profession became 
concerned again about the health consequences of tobacco-derived environmental 
air pollution. Hie stimulating causes of the need for research into such an old 
problem were the results of some recent epidemiological studies that warned of the 
cancer risks for individuals passively exposed to tobacco smoke. Although these 
studies did in fact cause a renewal of clinical research activities, further toxicological 
experiments were felt needed to foresee the extent of the health consequences before 
the clinical signs are observed. The hazards caused by involuntary smoking are 
mainly due to the chemical constitution of the sidestream smoke, which cannot be 
foreseen when compared with the health consequences caused by active smoking. 

We hope: the: outcome of the meeting on experimental toxicology of passive 
smoking provides an invaluable basis for the work of those who search for the 
underlying causes of this health problemi 
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URINARY EXCRETION OF MUTAGENS IN PASSIVE SMOKERS* 

(Mutagenicity: urine; cotintne; passive smoking) 
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SUMMARY > 

Six healthy young volunteers with no history of active smoking were asked to keep on their Western | 
diets avoiding the consumption of alcoholic beverages, excess coffee, any son of medicament, and the \ 
known pro- and/or anti-mutagen*coMaining foods and drinks, 24 h before and during the experiments. 

They were exposed passively to cigarette smoke produced by 4 habitual smokers in an unvemilated 48.6 
m 1 room for 8 h. The carbon monoxide concentration was 18.85 ± 7.3 ppm during the 8-h exposure. 

Frameshifi mutagens were isolated from 10-h urine samples using chloroform i and were tested for 
mutagenicity in the Sfl/mo/iW/o/mammalian microsome assay employing Salmonella typhimurium TA98. 
Although dearly enhanced, no significant mutagenic activity could be found with 25 ml equivalent 
urine/plate after; passive exposure to cigarette smoke. The weak mutagenicities found Iwere highly signifi¬ 
cant when 50 ml equivalent urine/ptaie was tested. No direct correlation was observed between urine J 

mutagenicity and the urinary cotinine concentration. The results obtained are discussed with reference | 

to inconsistent reports in the literature concerning the mutagenicity of urine after passive smoking. | 

INTRODUCTION 

Inconsistent evidence exists in the literature concerning the recovery of mutagens 
excreted in urine after passive smoking. Bos et aL [1] reported, for the first time, 
that 12-h urine of nonsmokers staying in a smoky room for 6 h was mutagenic. In 
contrast, the 1985 report of Sorsa et al. [2] indicated no significant (although sug¬ 
gestive) difference between urine mutagenicity before and after passive smoking 
(their subjects were habitual smokers after a 48^72 h smoking cessation). The very 
recent paper of Scherer et al. [3]| indicates non-mutagenicity of the urine of 


• Presented at the International Experimental Toxicology Symposium on Passive Smoking, October 
23-25, 1986. Essen (F.R.G.). 
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nonsmokers who were kept on a diet low in polycyclic aromatic hydrocarbons but 
smoked passively for 8 h. 

To clarify the reason(s) for the presence of these discrepancies in reports, we per¬ 
formed an experiment on human subjects who smoked passively while being on a 
semi-controlled diet. 

MATERIALS AND METHODS 


Volunteers 

6 healthy volunteers, 1 male and 5 female, with no smoking experience (mean age: 
24.7 ± 1.5 years; mean body weight: 56.5 ± 5i2 kg) were asked to keep to normal 
Western diets excluding the consumption of alcoholic beverages, any sort of medica¬ 
ment (except contraceptives)^ and the known pro- and/or anti-mutagens such as 
grilled or fried meats (4,5), ascorbic acid, tocopherol or retinol (6-8) or the 
beverages that contain excess amounts of these vitamins, 24 h before and during the: 
experiments. Volunteers were also requested to avoid staying in smoky places where 
smokers smoke from 24 h before the experiments began. None had an industrial oc¬ 
cupation, neither were they actively exposed to industrial chemicals^ 

Smoke exposure 

4 habitual smokers began to smoke in a room of 48.6 m 3 about half an hour 
before the nonsmokers were admitted into that experimental room (CO was about 
15 ppm at the time of admission). All the volunteers sat aroundia table (one smoker 
between two nonsmokers) for an 8-h exposure during which 88 cigarettes of the 
same type were smoked by smokers. The cigarettes were a blond commercial filtered 
type of regular size (tar yield 13 mg; nicotine yield: 0.9 mg). No ventilator was in¬ 
stalled in the room and the door and windows were kept closed during the expert 
ment. The volunteers were allowed to leave the room repeatedly to collect their 
urine. Leaving the room for a rest was not allowed. They had the same meal and 
soft drinks during the experiment. 

Carbon monoxide determination 

CO was determined electrochcmically using Ecolyzer 2400 (Energetics Science 
Inc., Eltnsford, NY). 


Collection of urine samples 

10-h samples of the control day were collected on the weekend avoiding the first 
morning urine. On the day of exposure, any amount of urine that could be collectedi 
before entering the experimental room was discarded. The volunteers collectedtheir 
urine during the 8-h exposure and the following 2 h when they just walked in a park 
to get some fresh air. The total 10-h samples were kept frozen at: - 20°C prior to 
extraction. 
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Cotinine determination 

Tho measurement of cotinine in urine was done according to the method of 
Stehlik et al. [9] using capillary gas chromatography at the following conditions: 
column: 

carrier gas: 
split ratio: 
detector: 
gas flows 

temperature: 

injeaion volume: 
time/injectionc 

Mutagenicity assays 
Urine samples were extracted with chloroform using the method described 
previously (10). The extracts were tested for mutagenicity in the Salmonella/m&m- 
malian microsome assay using S. typhimurium TA98 as described elsewhere [I I]. 
Liver homogenates were prepared after induction of liver enzymes by a single i.pi 
injection of Aroclor 1254 (in Mazola oil) into each 180-200 g male Sprague-Dawlcy 
Bio/1 rat (11). The assays were performed in triplicate experiments per dose. 

RESULTS 

The CO concentration at the beginning of the experiments when the nonsmokers 
entered the experimental room was about 15 ppmi Later on. the CO concentration 
throughout the 8-h exposure to cigarette smoke was 18.85 ± 7.3 ppm. Non¬ 
mutagenicities of the urine samples collected before passive smoking are 
documented in Table I. A fairly clear dose-response relationship was detected when 
the urine samples collected after passive exposure to cigarette smoke were tested for 
mutagenicity (Table 1). In this connection, although 25 ml equivalent urine per plate 
clearly enhanced the number of revertants, using the standard of Ames et ai. [11] 
for interpretation of the mutagenicity data, no doubling of the revertants was 
observed. Doubling this latter amount of urine/plate resulted in more than 100% 
increase in the mutation frequency of the tester strain (Table I)i 
Exceptionally, testing the urine of volunteer E did not result in detection of a 
significant mutagenic activity, although cotinine was found in her urine in a high 
quantity (Table 1). 

Comparing the urine concentrations of cotinine before and after passive smoking, 
the urine samples collected after exposure contained 1.1-5.4-fold more cotinine than 


quartz capillary WG 11, 30m, 0 0.32 mm, film 
thickness 0.2 pm. 
nitrogen 0.5 bar 
1:2.3 

nitrogen-sensitive 

hydrogen 1 ml/min, nitrogen 30 ml/min, air 10 
ml/min, septum purge I ml/min 
injector 280°C, detector 280°C, oven program: 3 
min 80°C; 80-240'C at 10®C/min, held 6 min; 
240-250 , C at 10° /min, held 10 min 

M 

40 min 
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the samples collected before (Table I). An exception was the urine of subject A, 
which contained more cotinine before than after exposure. In contrast, only the 
urine collected after exposure was mutagenic. 

DISCUSSION 

Controversies are seen among the results of various authors [1^3]l which do not 
permit a conclusion as to whether urine of passive smokers is mutagenic. Our results 
indicate that the inconsistency of the reports is possible due to some methodical dif¬ 
ficulties of extraction and testing procedures and/or the experimental designs. Com¬ 
paring the results of our mutagenicity assays with those of the cotinine 
measurements, no clear correlation can be found between urine mutagenicity and 
the enhancement of cotinine in urine after passive exposure to cigarette smoke. 

Our data* in agreement with the findings of Bos et al. [1], indicate that detectable 
mutagens are excreted in urine after passive smoking. The mutagenicities found with 
the urine of passive smokers (Table I; last column) are comparable with those of 
nonsmokers after active smoking of 4 or 5 cigarettes [10] j. Thus the previous 
negative repons of other authors [2,3] might hint at minute shortcomings of the ex¬ 
perimental! designs such as testing low volumes of urine [3] or admitting smoke- 
experienced volunteers to play the unexperienced nonsmokers* roles during a short 
smoking cessation [2f. Urinary excretion of mutagens depends on a variety of fac¬ 
tors, the diet being one of them [5,12]. This latter includes both pro- and anti- 
mutagens [4-8,12-14]. A simple difficulty might arise in the recovery of urinary 
mutagens when the test person’s consumption of dietary anti-mutagens is disregard¬ 
ed. Additionally, endogenous formation or detoxification of carcinogenic/muia- 
genic compounds should not be disregarded as the contributing factors. 
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Environmental tobacco smoke; Salmonella typhimurium; Indoor environments; Chemistry,; Semi-voUtiles; Monitoring 
Summary 

Recently, the National Research Council in the U.S.A. slated that laboratory studies of environmental 
loivicco smoke (ETS) should be important in identifying ETS carcinogens, their concentrations in typical 
d.i:l\ environments, and in understanding how these compounds contribute to ETS dose-response 
rci.-.iionships. This paper demonstrates that integrated chemical and bacterial mutagenicity information 
c.m he used to identify ETS genotoxicants, monitor human exposure, and make comparative assessments. 
Ar^roximateiy 1/3 of the ETS constituents for which there is quantitative analytical chemistry informa- 
iii'n also have associated genotoxicity information. For example, 11 of the quantitated compounds are 
mnial carcinogens Work proratedinjthisthe nonpartide-twund 
wi.n^iy anrittw' p««^ailaie.bo^ntforganic material contain bacteria) mulagenj/Tbese ETS organics give 
'S^quivrient of - 86 000 revertants per cigarette. In addition, this article summarized efforts to estimate 
UTS bacterial mutagenicity, to use bacterial tests for the monitoring of ETS-impacied indoor environ¬ 
ments,.and to use bacterial assays for the direct monitoring of human exposure. 


Environmental tobacco smoke (ETS) is the total 
tobacco smoke found in an environment and in¬ 
cludes both sidestream cigarette smoke and the 
exhaled tobacco smoke of the smokers within the 
environment. The first suggestion that environ¬ 
mental tobacco smoke (ETS) could have detrimen¬ 
tal health effects was a medical case report 
published by Rosen and Levy in 1950. This report 


Correspondence: 0ri L.D. Oixton, MD-68, Genetic Toxicol¬ 
ogy Division. Heilih Elf ecu Research Laboratory, U.S. En¬ 
vironmental Protection Agency, Research Triangle Park. NC 
27711 (U.S.A.). 


concluded that an infant's severe astmatic symp¬ 
toms were directly related to the mother’s smoking 
of tobacco products. It was not until 31 years later 
that the results from epidemiological studies of 
passive smoking and lung cancer were available. 
Three studies were published in 1981. Based on a 
population of 91 540 nonsmoking Japanese 
housewives, Hirayama (1981) reported that the 
wives of heavy smokers ( > 20 cigarcnes/day) had 
2.4 times the risk of developing lung cancer as the 
nonsmoking wives of nonsmokers. Trichopoulos ct 
al. (1981) reported a slightly larger risk for non¬ 
smoking Greek women whose husbands smoked 
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more than 20 cigarettes per day. Although 
Garfinkel (1981) found a small (10-30%) increase 
in mortality associated with passive smoking, his 
study of 469000 nonsmokers did not detect a 
statistically significant increase in risk of develop¬ 
ing lung cancer. Since that lime, a number of 
other epidemiologic studies have emerged (Na¬ 
tional Research Council, 1986). The National Re¬ 
search Council (1986) concluded that the summary 
estimate of increased risk of lung cancer ranges 
from 10% to 34%. They also concluded that al¬ 
though bias may contribute to the results, the best 
estimate at present for increased adjusted risk of 
lung cancer to norismokers due to passive ex^ 
posure is approximately 25%. In identifying needed 
scientific information, the National Research 
Council (1986) stated: ‘Laboratory studies should 
be important in determining the carcinogenic con* 
stituents of ETS and their concentrations in typi¬ 
cal daily environments and in facilitating under¬ 
standing of possible dose-responsive relation^ 
ships.’ The purpose of this paper is to partially 
fulfill! this need by integrating chemical and 
bacterial genetic bioassay information concerning 
sidestream and! indoor air (1A) tobacco smoke. 

Materials and methods 

Integrating known chemical and genotoxicity infor¬ 
mation for sidestream cigarette smoke 

Although it is expected that most of the com¬ 
pounds found in mainstream tobacco smoke (MS) 
would also be found in sidestream smoke (SS), the 
purpose of this effort was to extract from the 
literature compounds identified specifically in SS 
and to associate this information with presently 
available genotoxicity information. As part of an 
earlier effort to identify airborne compounds and 
genotoxicity information (Graedel et al., 1986); 
confirmed compounds found in tobacco smoke 
and indoor air were cataloged. This summary pro¬ 
vided the baseline information for this tabulation* 
In addition; an on-line Chemical Abstracts search 
was used to locate relevant papers published since 
January,, 1983: The compounds identified in these 
papers were summarized, and the MS, SS, and/or 
indoor air (1A) concentrations were tabulated! 
Where availably the bioassay summary informa¬ 
tion as reported by Graedel et a!. (1986) was 


paired with the identified chemicals. All computer 
literature searches were kindly supplied by the 
Resource Ihformation Center; U.S. Environmental 
Protection Agency, Research Triangle Park, NC 
(U.S.A.) via Ms. Libby Smith. Although the search 
period^ covered a time period extending to De¬ 
cember 1986, the information is not meant to be 
exhaustive but representative of the available liter¬ 
ature. 

Methods for determining the Salmonella mutagenic¬ 
ity of organic extracts from sidestream tobacco 
smoke particles 

After being lit; a generic UIS. brand of filter 
cigarettes was allowed to bum within a 0:04-nr 
Plexiglass* chamber into which filtered air was 
allowed to enter. The generated SS was continu¬ 
ously exhausted at a rate of 0.03 mVmin and 
collected on a 142-mm Teflon*-coated glass-fiber 
filter. Sample preparation was done in the manner 
reported by Morin et al. (1987) The method can 
be summarized! as follows. All filter samples were 
extracted using 2 15-min sonications (Constant 
Temperature, Sonicor* waterbath sonicator. Ba\ 
Shore, NY) using either dichloromethane. metha¬ 
nol, or acetone as the solvent. Extracted samples 
were concentrated to 5-10 ml using rotaion 
evaporation, Samples were then transferred into 
15-ml volumetric tubes and concentrated to 1-2 
ml using dry nitrogen. After adding 15 ml 1 o' 
dimethyl sulfoxide (DMSO), the remaining solvent i 
was removed using the nitrogen purge method 
Negative controls were prepared in the sanv 
manner using filters not containing ETS panicles 
The solvent^exchanged samples were tested using 
the Salmonella typhimurium plate incorporation 
assay as previously described (Ames et al., 1975; 
Claxton et all, 1987). 

Direct comparisons of mainstream and sidestream 
tobacco smoke bacterial mutagenicity 

In order to compare the total genotoxic poien- j 
tiallof MS and SS it was necessary to bioassay the j 
panicle-bound, semi-volatile, and volatile con.r 
pounds emitted. In order to accomplish this, sep- v 
arate trapping trains for MS and SS were used, j 
Each train consisted of an eihanolbubbler solvent | 
trap, a sand trap, and a liquid-nitrogen cold tr;ip { 
in sequence (Monleith et al., 1986). Cigarette snnv | 
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pies were generated'using a smoking machine. The 
standard conditions were 1 puff/min for each of 
the 30 cigarettes (1R3 Kentucky Reference), a 
puff duration of 2 s, and a puff voltime of 35 ml. 
Mainstream smoke was pulled directly into the 
MS trapping train. In order to collect the SS, the 
cigarette smoking machine was enclosed within a 
Tedlar* bag which had a total volume of 0.12 m 3 . 
Air from the bag was continuously drawn into the 
SS trapping trains. The ethanol bubbler collected 
primarily semi-volatile compounds, the sand trap 
collected primarily particulate matter, and the cold 
trap collected any remaining organic compounds. 
The sand trap and semi-volktile concentrates were 
bioassayed in sealed dfam vials using a modified! 
version of the preincubation protocol of Yahagi et 
all (1975). Freincubation was for 15 min at 37°C 
while vials were shaken by a rotary shaker at 60 
rpm. Tests were done using 500 ^1/plate of 5% 
Arodor-1254-induced male Syrian hamster liver 
homogenate. Volatiles from the cold trap were 
transferred as a gas to Tedl&r* bags containing 
standard bioassay plates. All other aspects of the 
test were conducted as described by Ames et gjL 
(1975). 

Results and discussion 

Wheni one evaluates the hazard of a complex 
organic emission such as ETS, there are multiple 
and varied approaches that one may use. As stated 
in the introduction, several researchers have as¬ 
sessed l ETS through epidemiological efforts 
(Hirayama, 19811; Trichopoulos et al., 1981; 
Garfinkel, 1981; National Research Council, 
1986). Although such studies can demonstrate the 
statistical likelihood of increased risk associated 
with ETS, these studies were not designed to 
answer more specific questions concerning ETS 
and human health. For example, these studies do 
not identify which constituents within ETS emis¬ 
sions are carcinogens, mutagens, and other types 
of toxicants. Epidemiology, therefore, is unlikely 
to determine whether or not changes in tobacco 
type used, cigareite design, tar values, room vem 
lilation rates, etc. will produce major changes in 
the health impact of ETS. When human epidemio¬ 
logical data are unavailable and unlikely to be 
available to answer such relevant issues, one can 


sometimes use whole animal studies (Stara and 
Kello, 1979). However, since whole animal studies 
for carcinogenesis andi heritable mutations are ex¬ 
pensive, lengthy processes, they too are unlikely to 
be useful for answering many relevant questions. 
Short-term test data, especially when associated 
with quantitative data on analytical chemistry, can 
be usedito make comparative assessments, to iden¬ 
tify genotoxicants, and to monitor human ex¬ 
posure. 

After identification and quantification of the 
individual constituents of the mixture, the known 
toxicological properties of each constituent can be 
related to the source, for example ETS. The total 
potential impact of a source can then be estimated 
by summing the activity of the known constituents 
or by using some form of toxicological modeling 
or scaling. 

Approximately IDS of the more than 3800 
compounds found in MS have been identified in 
ETS. Table 1 lists over 100 constituents found in 
ETS and in MS and' IA samples for which there is 
quantitative analytical information! The relative 
concentrations of the constituents vary according 
to whether they are measured as MS, SS, or IA 
components. The reasons (e.g., combustion tem¬ 
perature, oxygen levels, etc.) for differences in 
concentrations of organic components in MS and 
SS have been discussed previously (Sakuma et aL 
1983, 1984; Baker, 1981, 1982: Klus and Kutin. 
1982; I ARC, 1968; National Research Council, 
1986). 

Table 2 lists the genotoxicity information 
(Graedel et al., 1986; Nesnow et al., 1987) for the 
compounds in Table 1. Approximately 1/3 of the 
compounds in Table 1 have associated genotoxic¬ 
ity information. Eleven of these compounds are 
animal carcinogens (Nesnow et al., 1987). Nine¬ 
teen of the compounds are positive in at least 1 
bioassay, and 10 are positive in the Salmonella 
bioassay (Graedel et a)., 1986). This type of infor¬ 
mation provides a qualitative evaluation of poten¬ 
tial human health impacts. For comparative risk 
analysis methods (Lewtas, 1985). the amount of 
each constituent can be associated with tte-bioas- 
say activity of each constituent in order to provide 
a crude means of comparison between sources or 
components of interest. For example, using con¬ 
centrations of constituents in SS and their known 
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TABLE 1 

CONCENTRATIONS OF COMPOUNDS ASSOCIATED WITH MAINSTREAM AND SIDESTREAM TOBACCO SMOKE 
AND INDOOR AIR POLLUTED WITH TOBACCO SMOKE * 


Compound 

Sample 

type 

Concentration range 

Low High 

Units 

Ref. b 


Acetamide 

MS 

70.00 

111.00 

Mg/cig 

25 


Acetamide 

SS 

86.00 

156:00 

Mg/cig 

25 


Acetic acid 

MS 

333.00 

809:00 

Mg/cig 

23 


Acetic acid 

MS 

272.00 

475:00 

Mg/Clg 

25 


Acetic acid 

SS 

1241 00 

2187:00 

Mg/cig 

23 


Acetic acid 

SS 

695.00 

1 148:00 

Mg/cig 

25 


Adolein 

IA 

0.90 

1.30 

ppm 

2 


Acrolein 

IA 

0.02 

0.12 

mg/nv 

3 


Acrolein 

IA 

6.00 

10i00 

ppm 

12 


Acrolein 

IA 

0.01 

0.19 

mg/m 3 

19 


Acrolein 

SS 

50.00 

70JO0 

ppm 

2 


Acrolein (gas only + people) 

IA 

130.00 

190JO0 

Mg/nv 

19 


Acrolein (people absent) 

IA 

119.00 

133:00 

Mg/nv 

19 


Acrolein (people present) 

IA 

JO.OO 

48.00 

Mg/m 3 

19 


Acrolein control air 

IA 

0.00 

5.00 

ppm 

12 

* 

Aldehydes (gas only + people) 

IA 

1290.00 

1350.00 

Mg/m 3 

19 


Aldehydes (generic) 

IA 

0.39 

1.37 

mg/m 3 

19 

• 

i 

Aldehydes (people absent) 

IA 

1100.00 

1370.00 

Mg/m ? 

19 

i 

Aldehydes (people present) 

IA 

391.00 

622.00 

Mg/m 3 

19 

1 

Alkoxyl radicals 

MS 

8:00 x 10 1J 

spins/c 


22 


Alkoxyl radicals 

SS 

8 

X 

© 

spins/c 


22 


Ammonia 

MS 

79.40 

131.00 

Mg/cig 

9 


Ammonia 

MS 

95:30 

163.00 

^g/g smoked 

9 


Ammonia (cigars) 

MS 

30.50 

322.00 

Mg/g smoked 

9 


Ammonia (cigars) 

MS 

148:00 

288.00 

jxg/prodbet 

9 


Ammonia 

SS 

514 

5.77 

mg/cig. 

9 


Ammonia 

SS 

6.11 

7.118 

mg/g smoked 

9 


Ammonia (cigars) 

SS 

6.98 

106.00 

mg/cig 

9 


Ammonia (cigars) 

SS 

934 

20.50 

mg/g smoked 

9 


Anatabine 

MS 

2'40 

20.10 

Mg/cig 

24 


Anatabinc 

SS 

0J00 

2.40 

Mg/cig 

24 


Anthanthrene 

IA 



Qua! (ng/m 3 ) 

1 


Anthanthrene 

IA 

300 


ng/m 3 

15 


Anthanthrene 

MS 

22:00 


ng/cig 

14 


Anthanthrene 

SS 

39.00 


ng/cig 

14 


Anthracene 

IA 



Qual (ng/m 3 ) 

1 


Anthracene 

MS, P 

23.60 


ng/cig 

16 

N : 

Anthracene 

MS. V 

0.10 


ng/cig 

16 • 

® ; 

Anthracene 

SS P 

670.00 


ng/cig 

16 

Ni 

Anthracene 

SS. V 

40.00 


ng/cig 

16 

W: 

Beiul^janthracene 

IA 



Qual (ng/m') 

1 

CO 

Bcnzj a Jant hraccne 

MSj P 

13.30 


ng/cig 

16 

oo) 

Benz|fl Janthracene 

MS. V 

0.09 


ng/cig 

16 


Benzj i a janthraccne 

SS. P 

201.00 


ng/cig 

16 


Benz| a janthraccne 

SS. V 

2.50 


ng Vic 

W- 

Cil: 


TABLE I (co 


Compound 


Beiu(rjaccnar 

Benzene 
Benzene (brea 
Benzene (brea 
Benzene (hom 
Benzene (hom 

Bcnzo(fl)nuorc 

BcnzoftfJOuoiv 

Berunfalfluorc 

Benzo(e]nuorL 

Benzo|tf)pyreri 
Benzc(fl]pyren 
Ben/n[ ajpyren 
Bcnzn{<7)pyren 
Benzine jpyren 
Benzol jpyren 
Benzol a jpyren. 
Bcnzo[ fl]pyreni 
Benz<i(u Jpyren 
8en/o(fl jpyren: 
Bcfuo{ ujpyrem 

Bcnzr(ft|naphil 
Bcnzo^jnapht! 
Benzn| ftjnaphil 
fccaw( ft Jnaphil 

Benzn(i&/r]nuo 

BcnzoJft/cJfltjo 

Benir| ft/y/A]n 

*™<ih/jyt) n 

Benzolft/y/ijn 

Benz*| r jnuorer 

Benzc|if|pyTene 
Bimz^ir |p>Tene 
Benzie Ipyrene 
Bfnzi.i(r|pvrene 
Bcn/i^rjpyrcne 
Ben/«{ir.]p) rene 
^n/* |r jpyrenc 
Jpyrcne 
Brn/n(e]pyfene 
Bmz»<rlpyrcne 

jfluorj 

fcrm Mjrft*)perxk 

^‘MiJrcryk 

jperyh 

)rtcr\ 
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TABLE 1 (continued ) 


Compound 

Sample 

type 

Concentration range 

Low High 

Units 

Refi” 

BenzJ e Jacenaphthylene 

IA 



Qual(ng/rn) 

1 

Benzene 

IA 

0J05 

0.15 

mg/m? 

3 

Benzene (breath, non-smokers) 

IA 

2:50 


Mg/m’ 

30 

Benzene (breath, smokers) 

IA 

16:00 


Mg/m 5 

30 

Benzene (homes, non-smokers) 

IA 

4 40 

9.20 

j*g/cm 3 

30 

Benzene (homes, smokers) 

IA 

4J80 

16.00 

Mg/m 5 

30 

Benzo{ q Jfluorene 

IA 



Qual (ng/m 3 ) 

1 

Benzo| a Jfluorene 

IA 

39i00 


ng/m 3 

15 

Benzo| a jfluorene 

MS 

184:00 


ng/cig 

14 

Bcnzo{ kr Jfluorene 

SS 

751.00 


ng/cig 

14 

Benzol la Jpyrene 

IA 



Qua! (ng/m 3 ) 

1 

Benzol la Jpyrene 

IA 

7.30 

21.70 

ng/m 3 

11 

Benzol la Jpyrene 

IA 

6.20 

144.00 

ng/m 3 

13 

Benzol ia)p\Tene 

IA 

22.00 


ng/m 3 

15 

Benzol la Jpyrene 

MS 

44.00 


ng/cig 

14 

Benzol a Jpyrene 

MS. P 

10.90 


ng/cig 

16 

Benzo( i a Jpyrene 

MS. V 

0.08 


ng/cig 

16 

Benzol,a Jpyrene 

SS 

199.00 


ng/cig 

14 

Benzol a Jpyrene 

SS. P 

103.00 


ng/cig 

16 

Benzol a Jpyrene 

s&v 

0.48 


ng/cig 

16 

Benzol a Jpyrene control 

IA 

0.00 

0.69 

ng/m 3 

11 

Benzo| 6)naphtho{2.1 kijihiophene 

MS. P 

2.80 


ng/cig 

16 

Benzol/>)naphtho{2.1 rdjthjophene 

MS. V 

* 0.21 


ng/cig 

16 

Benzol b )naphtho(2.1^d]thiophene 

SS.P 

50.00 


ng/cig 

16 

Benzol b )naphiho|2.1-d)thiophene 

SS V 

1.10 


ng/cig 

16 

Benzol 6/c Jfluorene 

MS 

69.00 


ng/cig 

14 

Benzol b/e Jfluorene 

SS 

251.00 


ng/cig 

14 

Benzol b/j/k Jfluoranthene 

IA 

35.00 


ng/m 3 

15 

BenzoJ b/j/k Jfluoranthene 

MS 

49.00 


ng/cig 

14 

Benzol b/j/k Jfluoranthene 

SS 

260.00 


ng/cig 

14 

Benzolejfluorenc 

IA 



Qual <ng/m 3 ) 

1 

Benzole Jpyrene 

IA 



Qual (ng/m 3 ^ 

1 

Benzo(e Jpyrene 

IA 

18.00 

ng/m 3 

15 

Benzole Jpyrene 

IA 

3,30 

23.40 

ng/m^ 

20 

Benzole Jpyrene 

MS 

25:00 


ng/cig 

14 

Benzole Jpyrene 

MS, P 

6.70 


ng/cig 

16 

Benzoje Jpyrene 

MS, V 

0.13 


ng/cig 

16 

Benzofe Jpyrene 

SS 

135:00 


ng/cig 

14 

Benzof rjpyrene 

SS, P 

75:00 


ng/cig 

16 

Benzo{e Jpyrene 

ss.v 

0.74 


ng/cig 

16 

Benzol e Jpyrene control 

IA 

3:00 

5.10 

ng/m 3 

20 

Benzol £& Jfluoranthene 

IA 



Qual (ng/m. 3 ) 

1 

Benzol gbi Jperylene 

IA 



Qual (ng/m 3 ) 

1 

Benzo( fhi Jperylene 

IA 

17.00 


ng/m 3 

15 

Benzo{ ghi Jperylene 

MS 

39:00 


ng/cig 

14 

Benzol gM Jperylene 

MS, P 

7.10 


ng^Cig 

16 

Benzol gM Jperylene 

MS. V 

0.09 


ng/cig 

16 

Ecnzo| gg/Jperylene 

SS 

98.00 


ng/Cig 

14 

Benzof gbi Jperylene 

SS.P 

41.00 


ng/Cig 

16 

Benzo( ghi Jperylene 

SS, v 

0.62 


ng/Cig 

16 
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TABLE ll (continued) 


table 1 <«* 


Compound 

Sample 

type 

Concentration range 

Low High 

Units 

Refi b 


Benzofluoranthenes (b +j + k) 

MS. P 

20.50 


ng/cig 

16 


Benzofluoranthenes (b+j + k) 

MS. V 

0:22 


ng/cig 

16 


Benzofluoranthenes (b+j + k) 

SSP 

moo 


ng/cig 

16 


Benzofluoranthenes (b +j + k) 

SS.V 

1.38 


ng/cig 

16 


Benzoic acid 

MS 

14.00 

28:00 

pg/ctg 

23 

k 

► 

Benzoic acid 

SS 

12.00 

23.00 

Mg/c>g 

23 

i 


Benzoic acid, m^hydroxy- 

MS 

8.00 

64.00 

Mg/cig 

23 


Beruoic acid, m-hydroxy- 

SS 

300 

15.00 

Mg/eig 

23 



Benzonitnle 

MS 

5.00 

6.00 

P g/cig 

25 



Benzoin trite 

SS 

33:00 

57:00 

Pg/cig 

25 



Bipyridyb 2: 3'- 

MS 

9.90 * 

27.40 

P g/cig 

24 



Btpvridyl, 2 f 3'- 

SS 

2000 

73.00 

Pg/cig 

24 



Bipyridyl 5-methyl-2. 3> 

MS 

6.60 

14.70 

Mg/cig 

24 



BtpvndyL 5-meth>l*2. 3'- 

SS 

6:00 

14.00 

Pg/cig 

24 



Butyrolactonc. gamma- 

SS 

40.00 

103.00 

Pg/cig 

25 



Butyrolactone. gamma- 

MS 

11.00 

22 00 

Pg/cig 

25 



Carbon monoxide 

1A 

2.00 

23.00 

ppm 

3 



Carbon monoxide 

IA 

0.00 

1.20 

ppm 

31 



Carbon monoxide (gas only + people) 

1A 

23,00 

26.00 

ppm 

19 



Carbon monoxide (people absent) 

1A 

% 21.00 

25.00 

ppm 

19 



Carbon monoxide (people present) 

IA 

18:00 

22.00 

ppm 

19 



Carbon monoxide (people present) 

1A 

3.70 

4.20 

ppm 

28 



Carbon monoxide control 

IA 

0.00 

15:00 

ppm 

3 



Carbon monoxide control 

IA 

0:00 

0:50 

ppm 

3) 



Carbon monoxide (artificial cond.) 

IA 

8.00 

16.00 

ppm 

29 



Carbon monoxide (natural conditions) 

IA 

9.00 


ppm 

29 



Carbon, total 

IA 

207.00 


Mg/m* 

27. 



Carbon, elemental 

IA 

11.90 


Mg/m- 

2? 


' 

Carbon, organic 

IA 

195.00 


Mg/nr 

27 



Carboxyhemoglobin (blood: passive) 

IA 

0.55 


% 

28 


r 

Carboxyhemoglobin (blood, smoker) 

IA 

338 


% 

28 



Carboxyhemoglobin 








(blood] no smoking) 

IA 

0.57 


% 

28 



Catechol 

MS 

148.00 

362.00 

M g/cig 

23 

ls3 


Catechol i 

SS 

138,00 

292:00 

M g/cig 

2? 

c* 


Catechol. 2-me thy 1- 

MS 

6:00 

13,00 

Mg/cig 

23 

is: 


Catechol. 2-methyl* 

SS 

8.00 

21.00 

M g/cig 

23 

COi 


Catechol. 3-methyl- 

MS 

31.00 

62.00 

M g/cig 

23 

CO 


Catechol. 3-mcthyl- 

SS 

24.00 

47.00 

MS/cig 

23 

00 i 


Catechol. 4-ethyl- 

MS 

27.00 

10200 

M g/c*g 

23 

Mb 


Catechol. 4-cthyl- 

SS 

39:00 

‘ 68.00 

M g/C»g 

23 



Catechol. 4-meihyh 

SS 

25.00 

55.00 

Mg/m' 

23 

Cv 

■ 

Catechol] 4-methyl- 

MS 

29.00 

80:00 

M g/cig 

23 

52 

- 

Catechol. 4-vinyl- 

MS 

23:00 

113.00 

M g/cig 

23 



Catechol. 4-vinyl- 

SS 

7.00 

40.00 

M g/cig 

23 


> 

Catechols (all catechols) 

MS 

25.00 

32800 

M g/cig 

41 


t 

Catechols (all catechols) 

SS 

88.00 

212.00 

Mg/ Cig 

4 



Coronene 

IA 

0.50 

1.20 

ng/nv 

20 


r 

t 

Coionene control i 

IA 

1,00 

2.80 

ng/nv 

2<> 


l 


Compound 


l\«njnc (plat 

Counme (pl*s 
fowuw (P 111 

Ctoot'"' 

Cl***- <"* 
CtnoL"* 
Cimol"- 
f«»L »■ 

CmA»- 

CtooLf- 

Cwd>T 

iW. r 

(md. r 

iKlnpemeno*' 

f^iipeiuencn 
(w^fcntcnon 
l Hlitpcntcnon. 
t^W^fcnwnom 

< %rfnf*ntcnom 
t wL?cmcnom 

f^fcfeiuenom 

/>* 

Uswujtf, >Jan 
I>|ani 

I tfelheazcne (b 
ftiMtbcnzene (b 
i -**!>oumc (h 
|4>Ibc&zene (h 

ia^knrthylencf 

•Mtnthcne 

IWanthene 

fwaathene 

IMaMhene 

iWvaathtne 

*%»truiScnc 

tMaftlboK 

l**Mdch>de 
f-r»wVkhyd€ 
g-^klehydc 

f-*»*c*od 
**»« acid 

• w -UAyOc 2- 
'.'.Uehydc* 2- 
twakfchyifc^m 

• -BiVftyie, Vm 

^^yliloohd 
•^l iWuhol 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnxOOOO 
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TABLE 1 (continued!) 


Compound 

Sample 

t.vpe 

Concentration 

Low 

range 

High 

Dhits 

Ref. b 

Connine (plasma, non-smoker) 

IA 

1.40 


og/ml 

28 

Coiinine (plasma, passive smoker) 

IA 

2.10 


ng/m! 

28 

Cotinine (plasma, smoker) 

IA 

52.40 


ng/ml 

28 

Cresol, m- 

MS 

11.00 

18.00 

Mg/cig 

23' 

Cresol. m- 

MS 

17.00 

26.00 

Mg/cig 

25 

Cresol, m- 

SS 

13.00 

24.00 

Mg/cig 

23! 

Cresol, m- 

SS 

18.00 

34.00 

Mg/cig 

25 

Cresol, o- 

MS 

13.00 

19.00 

Mg/cig 

23 

Cresol. o- 

SS 

14.00 

24.00 

Mg/cig 

23 

Cresol. p- 

MS 

30.00 

37:00 

Mg/cig 

23 

Cresol. fh 

MS 

32.00 

47.00 

Mg/cig 

25 

Cresol. jb 

SS 

30.00 

46:00 

Mg/Cig 

23 

Cresol, jb 

SS 

45:00 

62:00 

Mg/cig 

25 

Cyclopentenone. 2; 3-dt methyl-2- 

MS 

9:00 

23.00 

Mg/cig 

25 

Cyclopentenone, 2. 3-dimeihyl-2- 

SS 

21.00 

39.00 

Mg/C'g 

25 

Cydbpemenone. 2- 

MS 

21.00 

27,00 

Mg/Cig 

25 

Cyclopentenone. 2- 

SS 

70.00' 

103.00 

Mg/cig 

25 

Cyclopentenone, 2-CW/-3-methyl-2r 

MS 

3.00 

5.00 

Mg/Cig 

25 

Cyclopentenone. 2+0//*3-methyI-2- 

SS 

24.00 

30.00 

Mg/Cig 

25 

Cydopemenone. 2-meihyl-2- 

MS 

17.00 

22.00 

Mg/cig 

25 

Cyclopentenone. 2-methyl-2- 

SS 

49.00 

95.00 

Mg/cig 

25 

Dibenzf a, j Janthracene 

IA 

„ 6.00 


ng/m’ 

15 

Dibenzfa, yjanthraeene 

MS 

11 LOO 


ng/eig 

14 

Dibenzfa, j Janthracene 

SS 

41 00 


ng/cig 

14 

Eihyl benzene (breath, non-smokers) 

IA 

0.80 


Mg/m 5 

30 

Ethylbenzene (breath, smokers) 

IA 

2.60 


Mg/m 5 

30 

Ethylbenzene (homes, non-smokers) 

IA 

3:50 

5:10 

Mg/*"’ 

30 

Ethylbenzene (homes, smokers) 

IA 

3:50 

830 

Mg/m 5 

30 

Ethylmethylenephenanthrene 

IA 



Qua! (ng/m J ) 

1 

Fluoranthene 

IA 



Qual (ng/m 5 ) 

1 

Fluoranthene 

IA 

99.00 


ng/m' 5 

15 

Fluoranthene 

MS 

272.00 


ng/cig 

14 

Fluoranthene 

MSP 

61,30 


ng/cig 

16 

Fluoranthene 

SS 

1255.00 


ng/cig 

14 

Fluoranthene 

SS,P 

669.00 


ng/cig 

16 

Fluoranthene 

ss,v 

16.90 


ng/cig 

16 

Formaldehyde 

IA 

1:50 

2.10 

ppm 

2 

Formaldehyde 

IA 

0.30 

0.16 

ppm. 

28 

Formaldehyde 

SS 

80.00 

110:00 

ppm 

2 

Formic add 

MS 

210:00 

478:00 

Mg/cig 

23 

Formic add 

SS 

341.00 

665.00 

Mg/dg 

23 

FuraJdehyde, 2- 

MS 

15:00 

43.00 

Mg/cig 

25 

Furaldehyde, 2- 

SS 

113.00 

290.00 

Mg/dg 

25 

Furaldehyde, 5-methyl- 

MS 

6.00 

29.00 

M8/cig 

25 _ 

FuraJdehyde. 5-methyl- 

SS 

20.00 

127,00 

Mg/dg 

25 

Furfuryl alcohol 

MS 

18.00 

65.00 

MS/d g 

25 

Furfuryl alcohol 

SS 

73.00 

283.00 

Mg/cig 

25 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnxOOOO 
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TABLE 1 (continued) 


TABLE 1! (coni' 


Compound 

Sample 

type 

Concentration 

Low 

range 

High 

Units 

Ref. b 


Furoic acidJ 2- 

MS 

44.00 

107.00 

Mg/cig 

23 


Furoic acid, 2- 

ss 

25:00 

60.00 

Mg/rig 

23 


Giu uric acid 

MS 

10.00 

58.00 

^g/cig 

23 


Glutaric acid 

SS 

6.00 

18.00 

pg/cig 

23 


Glycolic acid 

MS 

32.00 

126;00 

Mg/cig 

23 


GlVcolic acid 

SS 

35.00 

77,00 

Pg/cig 

23 


Guaiacol 4-vinyl. 

ss 

24.00 

32.00 

Pg/cig 

23 


Guaiacol. 4-vinyl- 

MS 

23.00 

36j00 

f* g/cig 

23 


Guaiacol. 4- vinyl- 

MS 

1600 

30j00 

Mg/cig 

25 


Guaiacol, 4-vinyl- 

SS 

15.00 

37,00 

M g/cig 

25 


HCN 

IA 

0.01 

0.08 

mg/m 1 

19 


HCN (gas only,+■people) 

1A 

82.00 

86:00 

Mg/m 3 

19 


HCN (people absent) 

IA 

50J00 


Mg/m 3 

19 


HCN (people present) 

IA 

10'00 

14.00 

Mg/m 3 

19 


Hydrazine 

MS 

31.50 


ng/cig 

23 


Hydrazine 

SS 

94.20 


ng/cig 

21 


Hydroquinone 

MS 

114:00 

300.00 

Mg/cig 

23 


Hydroquinone 

SS 

91.00 

285.00 

M g/cig 

23 


Hydroquinone, methyl- 

MS 

23.00 

39.00 

M g/cig 

23 


Hydroquinone, mcthyU 

SS 

21L0CT 

41.00 

M g/cig 

23 


Hydroxypropionic acid, 3- 

MS 

2:00 

31.00 

M g/cig 

23 


Hydroxypropionic acid, 3- 

SS 

1.00 

29,00 

M g/cig 

23 


Indenoj 1, 2; 3-cd Jpyrene 

IA 



Qua! (ng/m 3 ) 

1 


Indenofl. 2, 3-w/ Jpyrene 

MS. V 

0.17 


ng/cig 

16 


Iftdcno(l. 2. 3-cd)pyrene 

SS. P 

51.00 


ng/dg 

16 


Indenofl. 2, 3-a/Jpyrene 

SS. V 

0.36 


ng/dg 

16 


Indcno(l, 2. 3-cdJpyrene 

MSP 

8.10 


ng/cig 

16 


Isoquinoline 

MS 

1.60 

200 

Mg/cig 

24 


Isoquinoline 

SS 

5 00 

8J00 

M g/cig 

24 


Lactic add 

MS 

63.00 

174.00 

M g/cig 

23 


Lactic add 

SS 

45.00 

123.00 

P g/cig 

23 


Levulinic add 

MS 

29;00 

56:00 

Mg/dg 

23 


Levulinicadd 

SS 

25 XX) 

49.00 

M g/cig 

23 

to 

Limonene 

MS 

15.00 

49.0 0 

M g/cig 

25 

o 

Liroonene 

SS 

63.00 

397.00 

Mg/cig 

25 

10 

Lutidine, 2,4- 

SS 

35:00 

315.00 

M g/dg 

6 

CO 

Lutidine, 2, 6- 

MS 

1.40 

33.00 

M g/cig 

6 

co 

Lutidine, 2,6- 

SS 

1.40 

33.00 

M g/cig 

6 

00 

Lutidine, 3, 5- 

MS 

0.00 

17:00 

M g/cig 

6 

»■* 

Luudine. 3, 5- 

SS 

22.00 

251.00 

g/cig 

6 

to 

Methylenephenanihrene, 4. 5- 

IA 



Qua! (ng/m 3 ) 

1 

s 

Methylnaphihalene, K 

SS 

30.00 


Mg/cig 

26 


Methylnaphthalene, 1- 

MS 

1.02 


Mg/cig 

26 


Methylnaphthalene, 2- 

MS 

1.21 


uc/cie 

26 


Meihylnaphthalene, 2- 

SS 

31.60 


r»/ 

H g/cig 

26 



Compound 


Mcthytaitrosoai 

Methylhiirosoai 

Mcthylphenanrt 
Methylpbenanil 
Methyl phenantl 

Methylphenantf 

Myosmine 

Mvosraioe 

Naphthalene 

Naphthalene 

Neophyudiene 

Neophyudiene 

Nicotine 
Nicotine 
Nicotine 
Nicotine 
Nicotine 
Nicotine 
Nicotine 
Nicotine 
Nicotine (gas on 
Nicotine (people 
Nicotine (people 
Nicotine, office \ 

Nicotyrine 
Nicotyrine 
N icoiyrine 
Nicot yrine 

Nitrogen dioxide 
Nitrogen dioxide 
Nitrogen dioxide 
Nitrogen dioxide 
Nitrogen dioxide 
Nitrogen dioxide 

Nitrogen oxide 
Nitrogen oxide 
Nitrogen oxide (f 
Nitrogen oxide (j 
Nitrogen oxide (; 
Nitrogen oxide o 
Nitrogen oxides ( 

Nitrosoamine. tnv 
Nitrosoamine. me 

Nitrosoamine. me 
Nitrosoamine, rm 

Nitrosoanabasine 

Nitrosoanatidine. 

Nitro&oanatidine. 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnxOOOO 



TABLE 1 (continued) 


Compound 

Sample 

type 

Concentration range 

Low High 

Units 

Ref.* 1 

Methylnitrosoamino-pyridyl-butanone 

MS 

46.00 

240.00 

ng/cig 

8 

Methylnitrosoaminopyridyl-butanone 

SS 

201.00 

540.00 

ng/dg 

8 

Methylphcnanihrene. 1- 

IA 



Qual (ng/m 3 ) 

1 

Methylphenanthrene, 2* 

IA 



Qual (ng/m 3 ) 

1 

Methylphcnanihrene, 3- 

IA 



Qual (ng/m 3 ) 

H 

Methylphenanthrene. 4/9- 

IA 



Qual (ng/m 3 ) 

1 

Myosmine 

MS 

13:10 

33.00 

Mg/cig 

24 

Myosmine 

SS 

7300 

224:00 

Mg/cig 

24 

Naphthalene 

MS 

2.76 


Mg/cig 

26 

Naphthalene 

SS 

45.50 


Mg/cig 

26 

Neophyudiene 

MS 

66.00 

232.00 

Mg/cig 

25 

Neophytadiene 

SS 

70.00 

421.00 

Mg/og 

25 

Nicotine 

IA 

25.00 

1010.00 

Mg/m 3 

3 

Nicotine 

IA 

0.70 

3.10 

Mg/m 3 

17 

Nicotine 

IA 

1.00 

10.30 

Mg/m 3 

18 

Nicotine 

IA 

1.70 

180.00 

pg/rrr min 

32 

Nicotine 

MS 

1720 00 

3330.00 

Mg/cig 

24 

Nicotine 

MS 

1483 00 

3149 00 

Mg/cig 

25 

Nicotine 

SS 

321iOjOO 

5830:00 

Mg/cig 

24 

Nicotine 

SS 

2987.00 

658800 

Mg/cig 

25 

Nicotine (gas only +: peopl e) 

IA 



Traces only 

19 

Nicotine (people absent) 

IA 

130.00 


Mg/m 3 

19 

Nicotine (people present) 

IA 

102.00 


Mg/m 3 

19 

Nicotine, office buildings 

IA 

ll70 

180.00 

pg/m : min 

32 

Nicotyrinc 

MS 

4.20 

20.20 

Mg/cig 

24 

Nicotyrine 

MS 

17.00 

41100 

Mg/cig 

25 

Nicotyrine 

SS 

49i00 

211.00 

Mg/cig 

24 

Nicotyrine 

SS 

93:00 

263.00 

Mg/Cig 

25 

Nitrogen dioxidt 

IA 

0j00 

0:03 

ppm 

19 

Nitrogen dioxide 

IA 

58.00 


PP*> 

31 

Nitrogen dioxide (gas only + people) 

IA 

0.01 

0.03 

ppm 

19 

Nitrogen dioxide (people absent) 

IA 

0.00 


ppm 

19 

Nitrogen dioxide (people present) 

IA 

0.00 


ppm 

19 

Nitrogen dioxide control 

IA 

27.00 


ppb 

31 

Nitrogen oxide 

IA 

0.30 

0.60 

ppm 

19 

Nitrogen oxadfc 

IA 

000 

9.00 

PPb 

31 

Nitrogen oxide (gas only + people) 

IA 

0.31 

0:40 

ppm 

19 

Nitrogen oxide (people absent) 

IA 

0 48 

0.59 

ppm 

19 

Nitrogen oxide (people present) 

lA 

0.30 

0:60 

ppm 

19 

Ni trogen oxide control 

IA 

5.00 


ppb 

31 

Nitrogen oxides (combined) 

IA 

59.00 

218.00 

ppb 

12 

Nitrosoamine, methylethyl- 

MS 

0.10 

9.10 

ng/cig 

5 

Nilrosoamine. methylethyl- 

MS 

0.00 

1.80 

ng/cig 

7 —^ 

Nnrosourune, methylethyl- 

SS 

9.00 

75.00 

ng/dg 

5 

Nitrosoaminc. methylethyl- 

SS 

0.00 

27.00 

ng/cig 

7 

Nitrosoanabasine, N 

SS 

15i00 

40.00 

ng/dg 

8 

Nitrosoanandine. A'-'. 

MS 

82:00 

167.00 

ng/dg 

8 

Nitrosoanatidine. A r '- 

SS 

61.00 

220:00 

ng/dg 

8 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnxOOOO 
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TABLE 11 (continued) 






. t 
& 

Compound 

Sample 

typ« 

Concentration range 

Low High 

Units 

Ref 1 

i 


N i iro&odie 1 hyl ami ne 

MS 

0.00 

4J80 

ng/cig 

5 

- 


Nitrosodiethylamine 

SS 

8.00 

73,00 

ng/cig 

5 



Nitrosodiethylamine, A ? - 

MS 

1.80 

4,80 

ng/cig 

10 



Nitrosodiethylamine, A r - 

SS 

8.20 

73.00 

ng/cig 

10 ' 



Nitrosodicthylamine (artificial) 

IA 

0.00 

0.01 

ng/l 

29' 



Nitrosodiethylamine (natural cond.) 

1 A 

0.00 

0.20 

ng /1 

29 



Niirosodimethylamine 

MS 

1L70 

97.00 

ng/cig 

5 


r 

Niirosodimethylamine 

MS 

0.00 

27.00 

ng/cig 

7 



Nitrosodi methyl amine 

SS 

680.00 

1770.0D 

ng/cig 

5 



Niirosodimethylamine 

SS 

143.00 

415.00 

ng/cig 

“ 


r 

Nitrosodimethylamine 

SS 

460:00 

1880.00 

ng/cig 

s 


7 

Niirosodimethylamine. N- 

MS 

1.70 

97.00 

ng/cig 

It- 


> 

Niirosodimethylamine. A/- 

SS 

680:00 

1040.00 

ng/cig 

If 



Nitrosodimeth vlamine (artificial) 

IA 

0:02 

0.15 

ng /1 i 

2 ~ 



Nitrosodimethylamine .(natural cond.) 

IA 

0:00 

0.70 

ng/ 1 1 

2 • 


r 

Nitrosoethvlmethyliminc. A’- 

MS 

0:00 

9.10 

ng/cig 

1 



Nitrosoeihylmethylamine, AV 

SS 

9.40 

30:00 

ng/cig 

1 »■ 



Nitrosonomi cotine 

MS 

81.00 

390:00 

ng/cig 

>: 



N i t rosonomicotine 

SS 

110.00 

390:00 

ng/cig 


1 


Nitrosopyrrolidine 

MS 

2.60 

52.00 

ng/cig 




Nitrosopyrrolidine 

MS 

% 1.50 

29.00 

ng/cig 




Nitrosopyrrolidine 

SS 

204.00 

612.00 

ng/cig 



r; 

Nitrosopyrrolidine 

SS 

28.00 

143.00 

ng/cig 




Nitrosopyrrolidine 

SS 

80.00 

500.00 

ng/cig 



* 

Nitrosopyrrolidine, N- 

MS 

260 

51L70 

ng/cig 




NitrosopNrrolidine, A'- 

SS 

204.00 

387,00 

ng/ciq 

)■ 


► 

Octane (breath smokers) 

IA 

1.10 


Mg/m 3 

3. 



Octane (breath, non-smokers) 

IA 

0.10 


Mg/m 3 



1 

Octane (homes, non-smokers) 

IA 

1.70 

3.10 

Mg/m 3 

.* 


1 

Octane (homes, smokers) 

IA 

1.50 

4.70 

Mg/m 3 




Parvoline 

MS 

0.00 

4:30 

Mg/0ig 

t 


1 

Parvoline 

SS 

10.00 

145,00 

Mg/cig 

t 


f 

Pentad ien-4-olide, 2, 4- 

MS 

8.00 

41.00 

Mg/Cig 

25 


t 

Pcmadien-4-olidc, 2,4- 

SS 

71.00 

256,00 

Mg/Cig 

2: 


I 

Perylene 

IA 



Qual (ng/m 3 ) 

1 

10 

a 

Perylene 

IA 

11.00 


ng/m 3 

15 

O 

9- 

Perylene 

IA 

0.70 

1.30 

ng/m 3 




Perylene 

MS 

9.00 


ng/cig 

l- : 

Cv 


Perylene 

SS 

39.00 


ng/cig 

1 - 

w 

5 

Perylene control 

IA 

2.80 

1L70 

ng/nr 

2v 

wr 

Phenamhrene 

IA 



Qual (ng/mi) 

V, 


Phenanthrene 

MS. P 

74180 


ng/cig 

h 


Phenamhrene 

MS. V 

2:10 


ng/cig 

U 


Phenamhrene 

SS, P 

2149J00 


ng/cig 

n 


Phenanthrene 

SS, V 

248,00 


ng/cig 

l! 


Phenol 

MS 

79.00 

136 00 

Mg/Ctg 



Phenol 

MS 

77.00 

139:00 

Mg/cig 

25' 


1 

Phenol 

SS 

69.00 

241.00 

Mg/cig 

^ T: 


1 

Phenol 

SS 

157.00 

28900 

• Mg/C»g 




Source: https://www.industrydocuments.ucsf.edu/docs/ltnx000® 
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TABLE 1 (continued) 


Compound 

Sample 

type 

Concentration range 

Low High 

Units 

Ref." 

Phenol. 4-vinyI- 

MS 

18XX) 

45.00 

Pg/dg 

25 

Phenol, 4-vmyl- 

SS 

25.00 

57.00 

Pg/dg 

25 

Phenols 

IA 

7.40 

11.50 

Pg/m 2 

20 

Phenylacetic acid 

MS 

18 00 

38.00 

Pg/dg 

23 

Phenylacetic acid 

SS 

n.oo 

30.00 

Pg/dg 

23 

Picoline. 3- 

MS 

12.00 

22.00 

Pg/dg 

25 

Picoline. 3- 

SS 

90.00 

166:00 

Pg/dg 

25 

Picoline. alpha- 

MS 

12.30 

189:00 

Pg/dg 

6 

Picoline. alpha- 

SS 

128.00 

1090.00 

Pg/dg 

6 

Pyran-4-one. 5. 6-diOH-3. 5-diOH*2-ME 

MS 

13:00 

153.00 

Pg/dg 

25 

Pyran-4-ome, 5. 6-di0H-3. 5-diOH-2-ME 

SS 

0:00 

143.00 

Pg/dg 

25 

Pyrazine. 2. 3-djmethyI- 

SS 

0.00 

50:00 

Pg/dg 

6 

Pyrazine. 2^methyJ 

MS 

0.00 

860 

Pg/dg 

6 

Pyrazine. 2-methyl- 

SS 

0.00 

8.60 

Pg/dg 

6 

Pyrene 

1A 



Qua! (ng/m 3 ) 

1 

Pyrene 

IA 

66.00 


ng/m 3 

15 

Pyrene 

1 A 

4.10 

9.40 

ng/m 3 

20 

Pyrene 

MS 

270.00 


ng/cig 

14 

Pyrene 

MS, P 

43.00 


ng/cig 

16 

Pyrene 

MS. \* 

1.90 


ng/cig 

16 

Pyrene 

SS 

1011.00 


ng/ctg 

14 

Pyrene 

SS, P 

466.00 


ng/cig 

16 

Pyrene 

SS.V 

10.30 


ng/cig 

16 

Pyrene control 

IA 

2.80 

7.00 

ng/m 3 

20 

Pyrene. 1-methyl- 

IA 



Qua) (ng/m 3 ) 

1 

Pyrene. 2-methyl- 

IA 



Qua! (ng/m 3 ) 

1 

Pyrene, 4-mcthyI- 

IA 



Qual (ng/m 3 ) 

1 

Pyridine 

MS 

32.40 

64800 

Pg/dg 

6 

Pyridine 

MS 

16.00 

20.00 

Pg/dg 

25 

Pyridine 

SS 

336:00 

3420.00 

Pg/dg 

6 

Pyridine 

SS 

187:00 

26200 

Pg/dg 

25 

Pyridine, 2«(3-pentyl)- 

MS 

0-00 

1.50 

Pt/dg 

6 

Pyridine, 2-<3-pentyl)- 

SS 

0.00 

143J00 

Pg/dg 

6 

Pyridine, 2-ethyl- 

MS 

2.60 

35.00 

Pg/dg 

6 

Pyridine, 2-ethyl- 

SS 

2.60 

35.00 

Pg/dg 

6 

Pyridine, 3-a cetyl - 

MS 

3,80 

6.40 

Pg/dg 

24 

Pyridine, 3-acetyl- 

SS 

9.00 

11.00 

Pg/dg 

24 

Pyridine, 3-cyano- 

SS 

24.00 

64 00 

Pg/dg 

24 

Pyridine, 3-cyano- 

MS 

2.40 

4.20 

Pg/dg 

24 

Pyridine, 3-ethyI- 

MS 

4.00 

6.00 

Pg/dg 

25 

Pyridine, 3-ethyl- 

SS 

71.00 

960.00 

Pg/dg 

6 

Pyridine, 3-ethyl- 

SS 

21.00 

36.00 

pg/dg 

25 

Pyridine, 3-ethy 1-4-methyl* 

SS 

6.40 

34.00 

Pg/dg 

6 

Pyridine, 3-ethy 1-4-methyl* 

MS 

0.00 

1.50 

Pg/dg 


Pyridine; 3-hydroxy- 

MS 

125.10 

211.40 

Pg/dg 

24 

Pyridine, 3-hydroxy- 

MS 

90:00 

119.00 

Pg/dg 

25 

Pyridine, 3-hydroxy- 

SS 

152:00 

167,00 

Pg/dg 

24 

Pyridine, 3-hydroxy* 

SS 

157,00 

191.00 

Pg/dg 

25 

Pyridine, 4-ethyl* 

SS 

27.00 

379:00 

Pg/dg 

6 

Pyridine, 4*/-butyl- 

MS 

0.00 

4 50 

pg/dg 

6 

Pyridine, 4-r-butyI- 

SS 

17.00 

287.00 

Pg/dg 

26 

Pyridine, methyl vinyl- 

MS 

2.20 

4.10 

Pg/dg 

24 

Pyridine, methylvmyl* 

SS 

12.00 

19.00 

Pg/dg 

23 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnxOOOO 
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Styrene (breath, non-smokers) 
Styrene (breath, smokers) 

Styrene (homes, non-smokers) 
Styrene (homes, smokers) 

Succinic acid 
Succinic acid 
Succinic acid, methyl- 
Succinic acid, methyl- 

Tar radical sol in r-buivlbenzene 
Tar radical sol in f-but>1 benzene 

Thiocyanate (plasma, non-smoker) 
Thiocyanate (plasma, passive smoker) 
Thiocyanate (plasma, smoker) 

Thioethm (urine. non-smoker) 
Thioethcrs (urine, passive) 

Thiocthers (urine, smoker) 

Toluene 

Valeric acid, 3-methyl- 
Valeric acid. 3-methyl I 

Vinylphenol, p- 
Vinylphenol, p- 

Xylene. m - 
Xylene, m- 
Xylene, o -1 
Xylene, m* 

Xylene, m - 
Xylene, o- ( 

Xylene. o-( 

Xylene, o- < 


14 fb (breath, non-smokers) 
1, 4 F (breath, smokers) 

' (breath; non-smokers) 

7 4 P‘ (homes, non-smokers): 
" + p- (homes, smokers) 

• (breath, smokers) 

’ (homes, non-smokers) 

* (homes, smokers) 

XylenolJ 2,6- 
Xylenol, 2,6- 


IA 
IA 
IA 
IA 

MS 

SS 

MS 

SS 

MS 

SS 

IA 

IA 

IA 

IA 

IA 

IA 

IA 

MS 

SS 

MS 

SS 

IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 


0.30 

1.10 

0.80 

1.10 

112.00 

65.00 

4.00 

1 L00 


70.80 

71.80 
70.70 

6.00 

6.40 

6.30 

% 0.04 

20.00 

20.00 

21.00 

21.00 

2.10 
5.50 
0.80 
10.00 
10.00 
1.60 
4J00 
3 JO 


High 

Units 


23.00 

Mg/cig 

25 

272.00 

Mg/cig 

25 


Pg/m’ 

30 


Mg/m 3 

30 

1.10 

Mg/m 3 

30 

2,20 

Mg/m 3 

30 

163.00 

Pg/dg 

23 

70.00 

Mg/cig 

23 

31.00 

Mg/cig 

23 

* 13J00 

Mg/cig 

23 


Qualitative 

22 


Qualitative 

*t“t 


pmol/l 

28 


ft mol/1 

2s, 


ft mol/1 

28: 


mmoI/mJ 

28 


mmol/ml 

:s 


mmol/ml 

28 

1.04 

mg/m 3 

y 

261.00 

Mg/cig 

*> - 

384:00 

Pg/cig 

2 \ 

51.00 

Pg/cig 

■V- ; 

45,00 

pg/cig 

-» - 


Mg/m 3 

3t 


Mg/m 3 

3t 


Mg/m 3 

y . 

1300 

Mg/m 3 

y. 

2QjOO i 

Mg/m 3 

3i- 


Mg/m 3 

3tr 

5.20 

Mg/m 3 

30 

7.10 

Mg/m 3 

y. 

1600 

Mg/cig 

^ l 

20;00 

Mg/cig 

^: 


w,,di,ioM «—n-*— * ..... 

> S55SS - wi,h f p r icu,a,e ma,,er; * nd ss ' ,id “ ,r “ m OTokc Mv ' 

« •»- BivmKmwn erii,al ^**®* r ' ^^* 2 ’ 3 ‘ *-»"«•>.. 1*7* * 

Bninncmann and Hoffmann 1975 10 Brunnemann j U ‘ Bninnemann et al., 1980; 8, Brunnemann l: . 

r ™ n.»-»» 

1957; I* Hindi and First 1975; 19 H u*od et .1 IQlTwT. ,^Grimmer et al.. 1987; 17. Harmsen an.liI 
« 1-. 1M3; 24. Sakuma « .1 ,9Ma 111 « .1 * * U “ 22 ’ ^ • 

1985. 29, StehUk « al.. 1982; 30.: Wallace and Pelltori;’ 1986; «nd'31. Ztom elaUIf ^ '' ' 
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genotoxicity, one may calculate, in an additive 
fashion, the ‘total genotoxic potential’ of a 
cigarette. Comparative human exposure could then 
be calculated by knowing the total genotoxic 
potential of a cigarette, room air volume, and the 
air exchange rate. If one were to make a crude 
estimate of the bacterial mutagenicity of ‘a 
cigarette’ by using the upper concentration ranges 
from Table 1 and Salmonella potency range for 
the ID bacterial mutagens (1 rev/100 mg to 1 
rev/0.10 jig), the calculated mutagenic potency 
[jig of compound/cigarette X revertants/jig com¬ 
pound] of a cigarette would be approximately 
0.5-45 revertants per cigarette. If all of the com¬ 
pounds in Table 2 except the known negatives 
were to be shown to be Salmonella mutagens, one 
could estimate the mutagenic activity level I to be 
as high as 1500 1 revertants/cigarette. Obviously, 
this method of summing the total genotoxic activ¬ 
ity for a ‘ typical cigarette’ is most useful when the 
chemical and bioassay values are quantitatively 
accurate, when all genotoxicants have been identir 
fied and bioassayed properly, and when synergis¬ 
tic and/or antagonistic interactions do not inter¬ 
fere. Because one would not expect this list of 
bacterial mutagens to be inclusive of all the 
mutagens and because one cannot presently rule 
out all possible types of interactions, this type of 
calculation would estimate only the lower limits of 
mutagenicity as will be clearly demonstrated be¬ 
low. 

Upon testing an acetone extract of SS particles, 
Ldfroth et al. (1983) found 1 the extract prefer^ 
entially mutagenic in S. typhimurium TA98 in the 
presence of S9. The observed response using TA98 
corresponded to 15 000 revertants per cigarette. 
Upon using a cigarette-smoking machine in a 15- 

roonvLbfroth and Lazaridis (1986) calculated 
that their results represent the equivalent of 30000 
revertants per cigarette for MS and 10000-20000 
revertants per cigarette for SS when using S. 
typhimurium TA98 with S9 activation. In 1987, 
Ling et al„ using the same method^, observed for 
strain TA98 a range of 17200-31 300 revertants 
per cigarette for SS organics tested using the plate 
incorporation protocol and a range of 36000- 
118300 revertants per cigarette using a micro-as¬ 
say preincubation protocol. In addition, they ob¬ 
served significant activity using TA100 without 


TABLE 2 

THE GENOTOXI Cl TY OF COMPOUNDS ASSOCIATED 
WITH ENVIRONMENTAL TOBACCO SMOKE 


Compound 

CAS N u m ber Bioassay resul is * 

Acetamide 

6M5-5 

CCC 

+ ■ 



CT 

+ 



ST 

NEC 

Acetic acid 

64-19-7 

ST 

NEC 

Acrolein 

107-02-8 

ST 

+: 

Anthracene 

12042*7 

CCC 

I 



CT 

NEC 



CYC 

NEC 



MNT 

NEC 



ST 

NEG 

Benzjffjanthracene 

56-55-3 

CCC 

+ 



CT 

+ 



REC 

NEG 



ST 

+ 



V79 

+ 

Benzene 

7M3-2 

CCC 

+ 



CY1 

+ 



MNT 

+ 



SCE 

NEG 



TRM 

+ 

Benzol a Jpyrene 

50-32-8 

CCC 

+ 



CT 

+ 



CYC 

NEG 



MDR 

+ 



MNT 

+ 



MNT 

+ 



MST 

+ 



SCE 

+ 



SRL 

+ 



ST 




V79 

+ 

Benzo{ 6]fluoramhene 

205-99-2 

CCC 

+ 

Benzo( ejpyrene 

192-97-2 

CCC 

I 



CT 

NEG 



REC 

NEG 

BenzofgA/Jperylene 

191-24-2 

ST 

+ ■ 

Benzoic acid 

65-85-0 

ST 

NEC 

Butyrolactone, gamma 

96-48-0 

ST 

NEG 

CresoL m-, and p- 

95-48-7 

ST 

NEG 

Dibenzf a , /Jamhracene 

224-41-9 

ST 

+: 

Formaldehyde 

50-00-0 

ASPD 

+ 



CCC 

+ 



MDR 

- + 



NEU 

+ 



REC 

+ 



SRL 

+ 



SRL 

+ 



ST 

+ 

Hydrazine 

302-01-2 

CCC 

+ 



ST 

+ 


Source: https://www.industrydoci its.ucsf.edu/docs/ltnx0000 
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TABLE 2 (continued) 

Compound 

HVdroquinone 


Indenofli 2. 3-a/Jpyrene 
Isoquinoline 

Limonene 

Naphthalene 

Nicotine 

Niirosodiethylamine, N'- 


TABLE 2 (continued) 


CAS Number Bioassay results 4 

123*31-9 ALC ^ 

ST NEG 

193-39-5 CCC + 

119-65-3 ST NEG 

5989-27-5 ST NEG 


91-20-3 

54-11-5 


Nitrosodimethylimine. N'. 


N i trosonomi cot ine 
Nitrosopyrrolidine 

Perylene 

Phenanthrene 


Pyridine 


16543^55-8 

930-55-2 

198-55-0 

85-03-8 


108-95-2 


129-00-0 


110 - 86-1 


ST 

NEG 

ST 

CCC 

CT 

CYC 

L5 

MDR 

MST 

REC 

SCE 

ST 

V79 

aka 

CCC 

CT 

CYG 

CYG 

L5 

MNT 

MST 

NEU 

SCE 

SRL 

SRL 

ST 

V79 

YEA 

CCC 

CCC 


NEG % 


Compound 

Styrene 

Toluene 


CAS Number 
T00-42-5 
108-88-3 


Bioassay result v 

Tcc r- 


* Bioassay lnformaiion is extracted from Gracdel e . TTT' 
Abbreviations used for bioassay results are as follovj lw 

i?Ts^HT e,i “.f SSay$; ARA - Arab ‘ d °P ws ««•«.« I 

m>, ASPH, Aspergillus mutagen assav; CCC wh * 
carcinogen assays: CT. cell transforms,.on b.o^Tt 
mammalian cyiogeneuc bioassays: L5 L5J7sv " 
lymphoma assay; MDR. mammalian cell DNa , 
says; MNT, micronucleus assays; MST. mouse 
NEU, Neurospora assays: REC. DNa reDa... •• 
bacterial assays; SCE. sister-chromatid exchan 
SRL, sex-linked recessive lethal assavs in Drove , 
Salmonella assays; TRIM, Tradescantia mutagen 

y Chinese hamster mutation assays’ and Yi • v 
mutation tests Results-are recorded as - no,,- sv 
negative; and J, Indefinite. 

activation. Ong et al. (1984) examined ... 
genicity of SS using 5 typhimurmm Tv , * 
antibiotie-resistant strain of TA98)' ini... 
impinger system. They stated that ' 

centration of cigarette smoke that cot 
tected for mutagenic activity was 0 . 00 ( 1 .' . • •• 

per ml.’ Because the concentration o . ...... 

smoke in these experiments was equ. , 
approximately 0.036 cigarettes/ml an,: 

served response was approximately 4 .... 

mutants/ml, they (Ong et all. 1984) oh,,- • • • • 

[(40 rev/ml)• (1 ml/0.036 cig)] revet. 
cigarette. However, if one assume, In • 
calculations that 0.0065 cigarettes woun 
doubling (~ 20 induced revertants) of tin . 
neous revertant number, the activity of Ss . 
proximately 3080 [(20 rev/doubling» . 
bling/0.0065 cigarettes)] revertants per 
The 3- to 10-fold difference between the i - .' 

the Lbfroth et al. (1983) and Ong et al - >■ 4. „ 
most likely due to differences in the colic.,.. 
exposure systems used, although, once ae. . 
cannot rule out the role of differences in . ; .. 
interactions. Lttfroth et al. (1983) colleen.! •••> • 
particulate matter and tested the extract,.:.. 
material, whereas Ong et al. (1984). while :• 
ing to test total SS. probably assayed prnr...>. • - 
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nonpariicuilate, semi-volatile organic material that cooking, etc. Recently. Husgafvel-Pursiainen et al. 

would dissolve in the fluid medium. Although the (11986) demonstrated! that indoor airborne par- 

methods of Lofroth et al (1983) and Ong et all ticulate matter collected in 3 restaurants where 

(1984) did not identify the specific genotoxicants smoking occurred gave up to 2370 revertants/m 3 

responsible for the biological activity, the direct air. On the basis of optical particle counting, they 

bioassay of the emissions did provide a more attributed the majority of the airborne particulate 

accurate determination of the total mutagenic matter to cigarette smoking; however, they also 

potential of a cigarette. did! not estimate mutagenicity on a per cigarette 

Knowing the amounts and bioassay activity of basis. Husgafvel-Pursiainen et al. (1986), however, 
SS constituents or the total mutagenic activity of a did show that the levels of polynuclear aromatic 
‘typical cigarette' also does not necessarily indi- compounds roughly correlated with the mutagenic 

cate that one can accurately estimate human ex- activity. Human exposure to tobacco-smoke 

posure to genotoxic (ETS) emissions. For both MS genotoxicants, therefore, is highly variable and 

and SS, the amount of a specific material that is difficult to assess by evaluating individual compo- 

emitted from a cigarette ranges from sub-nano- nents and/or equivalent bioassay activity levels 

gram per cigarette levels to milligram per cigarette emitted into ambient air. 

levels. The concentrations of constituents in In order to explore the use of bacterial hioas- 

smoke-impacted spaces range from ng/m 3 to says in evaluating ETS, our laboratory' has ex- 

mg/m 3 ; however, the calculation of ambient con- amined some of the alternative methods that can 

centrations from cigarette emission rates is not be used for evaluating ETS. The approaches used 

always simple because ETS levels are functions of are briefly described in the Materials and methods 

smoking rate, ventilation, sink rate, mixing, and section. As part of one study (Morin et al., 1987), 

volume of the space (National Research Council! filters used to collect SS particles were extracted 

1986). Also, each individual compound may be with various solvents, solvent-exchanged to 

removed! from the ambient air at different i;ates DMSO, and bioassayed. Depending upon the ex- 

due to these functions, For example, genotoxicant traction conditions, tester strain; and activation 

exposure kvels can be approximated by measur- conditions the revertants per cigarette ranged from 

ing respirable particulate (RSP) levels and measur- 400 to 19000 (Fig. I). Results using TA98 with S9 

ing the level of specific genotoxicants associated of - 19000 revertanls/cigarette resemble data 

with the particles. RSP levels in a one-smoker obtained by Lbfroth et al. (1983); 

residence can vary by 3 orders of magnitude from Because the work of Ong et al. (1984) dem- 

approximately 17 to 5000 jig/m 3 (National Re- onstrated that the semi^volatik and volatile corn- 

search Council, 1986). Similarly, most IA con- ponents of SS may be mutagenic, we decided to 

centrations (Table 1) for specific compounds span assess the total mutagenic potential of both MS 

at least 2 orders of magnitude; however, the rela- and SS. Using the sequential trapping train method 

live amounts of components with SS are often described, we collected volatik, semi-volatile, and 

different fromi the relative amounts found! in IA particulate-bound organics simultaneously from 

samples. It is also unlikely that all SS carcinogens both MS and SS using separate trapping trains, 

have been identified: By collecting indoor air par- Each of the fractions from both trains was bioas- 

ticulate matter and bioassaying the extracted sayedl separately in the Salhionella mutagenicity 

organic matter using S. lyphimurmm TM677 in assay, No mutagenicity was associated with the 

modified bioassay, Lewtas et all (1987) dem- cold I trap (volatile fraction) of either the MS or SS 

onstrated that particle-associated mutagenicity per when evaluated as gases in the Tedlar dessicator 

cubic volume of air was greatest in the homes with system (Hughes et al., 1987). Table 3 summarizes 

cigarette smoking and correlated with the number the results for the other components of the tr ap- 

of cigarettes smoked. The mutagenic activity per ping trains Both the bubbler and! sand trap sam- 

cigarette, however, could not be calculated in this pies were mutagenic for MS and SS; therefore, 

study due to the presence of other potential sources both the particulate and the semi-volatile com- 

of mutagens such as woodstoves, gas appliances, ponents were mutagenic. The revertants/cigarette 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnx0000 
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Fig. 1. Salmonella typhimurium mutagenicity of sidestream 
cigarette smoke when tested using various solvent extraction 
systems; strains of S. typhimurium, and activation conditions. 
Abbreviations are as follows: AGE Acetone; DCM, Diehl oro- 
methane; MEOH. Methanol; TA98 and TA100 for respective 
strains of S typhimumtm, + S9. with exogenous activation; 
and -S9 without exogenous activation: 


value of 35200 is approximately twice the 19000 
and 15000 valiies previously seen with panick-as- 
sociated fractions: however, when the cigarette 
machine was not used to generate a puff mode 
sample and the cigarettes were allowed to smolder, 
this valiae was reduced to 23250 revertants per 
cigarette. It has been demonstrated previously that* 
the products produced during puffing and natural 
smoldering are somewhat different due to gen¬ 
erated temperatures, the rate of mass transfer of 
oxygen to the tobacco source, properties of the 
cigarette paper, etc. (Baker, 1981, 1982). There¬ 
fore, it t reasonable that the mutagenicity of both 
MS and SS varies with the degree of puffing. The 


effect of burn conditions can also be notedl h, 
examining the revertanis/>g of organic mat on jj 
values in Table 3. Compared on a per mass 0 f, 
organic material basis, the MS organics arc 2~y 
times as mutagenic as the SS organics. This den, v 
onstrates that the mainstream and sidestream 1 
combustion processes produce different relati\ c I 
amounts of bacterial mutagens. One also coulj 
speculate - from knowledge of; the 2.types of ! 
combustion processes and differences in MS and 
SS chemistry - that the quantitative distribuium 
of mutagens in MS and SS is different Due umiHc 
mass of organic material produced, however. SS 
organics make a larger contribution to the toul 
mutagenic activity of a cigarette. It is intereMin^ i - 
to note that within our laboratory* the response! 
benzo[fljpyrene (B[o]P) in Salmonella ryphinmniin: 
TA98 with exogenous activation is appro\p.r..iu-l;. 

20 revertants/jig; therefore, one can calcul.p. sn.,: 
total cigarette bacterial mutagenicity is cvi v — • 
to -2.6 mg of B[j]P. Approximate’; 

(61 600/86300) of the total mutagenicity j> . 
ated with the sand trap (particulkte) sampU llii;* 
proportion also is approximately the same,: * 

MS and SS samples. Overall, the SS - 
accounted for approximately 60£ of \a.:* 
mutagenicity on a per cigarette basis. 

The best way presently available to * : . 
man exposure to genotoxic ETS compou;: ■ ■ 
the analysis of the fluids and tissues of . 
individuals. Exposure of target tissues aiu: *■ 
genotoxic constituents of ETS dependk or; - . 
factors, including the number of cigarette- - 


TABLE 3 

THE SALMONELLA ' TYPHIMURIUM TA98 MUTAGENICITY OF MAINSTREAM AND SIDESTREAM TOBACC O - : »nI 
COLLECTED IN A PUFF MODE 


in an enclose 

t«s. the deg 

rates and volu 
Kx Jy dbtnbui 
The uptake o f 

determined 

one can me* 
earhoxyhemof 
fc'J.’gical fluic 

ihmcyanate d 

kemoglbbin fr 

oflasivtl)' h f 

|9 m The qu 
^nJ biocheir 
hvdroxyprolin 
amines are sti 
Research Cou 
Keussays an 
l nown wHeth> 
pwindsare ab 
eureted at the 
jiBoncompour 
u» genotoxic. 
aJsantageous. 
wnne for mui 
urn provides 
sno exposure 
Yamasaki 1 an< 
hacterial mut 
fwMed by 1AR 
confirmed the 
however, there 
these studies. 
m dietary fad' 
that have exar 
me smokers 
IW; Sorsa ei 
mutagenicity i: 
•n generally t 


Fraciion 

Ethanol bubbler 


Sand trap 


Bubbler-t sun J 

Rev/rt* 

Rev/cig b 

Rev/fig 

Rev/cig 

Rev/cig 

Main 

8.1 

7557 

4.0 

26400 

33957 

Side 

2:7 

17099 

1.6 

35:200 c 

52299 

Total 


24656 


61600 

86256 


* 5. typhimurium TA98 mean revenants per plate per fig of organic material collected using a preincubation hioj".t> !'■ 
using a linear regression model (Myers et al.. 1981) 

* S- typhimurium TA98 revertants per cigarette calculated from (Rev//jg)x(/ig of fraction/cigarette) 

' When puff mode was not used and the cigarettes were allowed to smolder, this value was 23253 rev/cig. 
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in i an enclosed area, the size and nature of the 
area, the degree of room ventilation, breathing 
rates and volume, absorption of the genotoxicants, 
body distribution and! excretion; and metabolism. 
The uptake of individual agents from ETS can be 
determined using chemical methods. For example, 
one can measure products such as thiocyanate, 
carboxyhemoglobin, nicotine and cotinine in phys¬ 
iological fluids. Hriwever, some of these (e g., 
thiocyanate diie to HCN exposure and carboxy¬ 
hemoglobin from GO exposure) do not originate 
exclusively from SS (National Research Council, 
1986 )j The quantitative aspects of other chemical 
and biochemical markers such as cotinine, 
hydtoxyproline, A'-nitrosoproline, and aromatic 
amines are still somewhat questionable (National 
Research Council. 1986). In addition, when one 
bioassays an agent individually* it may not be 
known whether or not different genotoxic com¬ 
pounds are absorbed, distributed, metabolized, and 
excreted at the same rate as each other. The use of 
a noncompound-specific measurement of exposure 
to genotoxicants, therefore, would be very 
advantageous. The monitoring of! nonsmokerj* 
urine for mutagenic potential using bacterial as¬ 
says provides a possible means of evaluating in 
vivo exposure to ETS genotoxicants. In 1977, 
Yamasaki and Ames reported the presence of 
bacterial mutagens in the urine of smokers. As 
noted by IARC (1986), a number of studies have 
confirmed the finding of Yamasaki and Ames; 
however^ there is a widfe variation in the results of 
these studies. Much of this variation may be due 
to dietary factors (Sasson et all, 1985). The studies 
that have examined the urine mutagenicity of pas¬ 
sive smokers (Putzrath et all, 1981; Bos et. aL, 
1983; Sorsa et all, 1985) demonstrated increased 
mutagenicity in adult passive smokers. These stud¬ 
ies generally examined small numbers of people 
and did not control for dietary factors; therefore, 
the results might be considered somewhat ambigu¬ 
ous. In spite of the shortcomings, these studies did 
support the use of bacterial bioassays as a screen¬ 
ing tool for human exposure to ETS genotoxi¬ 
cants; however, more effort is needed in impro¬ 
ving and standardizing the methods and in creat¬ 
ing the proper controls for other environmental 
factors such as diet. 

In summary, our studies support previous stud¬ 


ies that demonstrated that ETS particle-bound 
organic material is mutagenic. In addition, our 
studies demonstrated! that some semi-volatile and 
volatile components were mutagenic; however, the 
highly volatile compounds (for both MS and SS) 
collected in the third-stage liquid nitrogen cold 
trap were not mutagenic. Within these studies, the 
total mutagenicity was divided among 4 fractions 
approximately as follows; SS sand trap (par¬ 
ticulate) fraction, 40%; MS sand trap (particulate) 
fraction, 30%; SS solvent (semi-volatile) fraction, 
2056; and MS solvent (semi-volatile) trap fraction, 
10%. Results also gave an indication that the 
frequency with which a cigarette is puffed affects 
the total amount of mutagenic material produced. 
Although these studies illustrate the usefulness of 
bacterial mutagenicity bioassays for characterizing 
ETS, there are also other uses (e g., identifying 
specific genotoxicants) for which bacterial assays 
will find great utility. 
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Summary 

al samplers in public indoor areas and travel*! 
sitfiations wing extraction, the samples were assayed for 

mutagenicity in the presence of S9 with a sensitive microsuspension test using Salmonella TA98. The 
mutagenic responses of indoor air from public areas were much higher than those of ambient outdoor air. 
Depending on the circumstances, the mutagenic response varied in trains and airplanes but the results 
show that physical separation of non-smoking sections from smoking sections is necessary in order to 
achieve genuine non-smoking areas. Chemical fractionation and mutagenicity assay of the basic fraction 
show that Salmonella mutagenicity of airborne particulate matter might be used as a tobacco smoke-specific 
indicator, as the basic fraction of environmental tobacco smoke contains a lkrge part of the mutagenic 
activity whereas this is not the case for outdoor ambient airborne paniculate matter. 


Environmental tobacco smoke (ETS) is a com¬ 
plex mixture of gases and particulate tar matter 
comprising numerous compounds, ETS is one of 
the most common air pollutants in industrialized 
and urban societies as 25-40$ of the adult popu¬ 
lation are smokers and much smoking takes place 
indbors causing pollution of the air breathed by 
everyone. 

Among several types of pollution indices, 
Salmonella mutagenicity of airborne particulate 
'natter has been used to study the contribution 
fromiETS in office buildings (Lofroth et al.. 1983). 
restaurants (Husgafvel-PUrsiainen et al.. 1986) and 
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homes (van Houdt et al.. 1984: Alfheim and 
RamdahL 1984: Lofroth and Lazaridis. 1986: 
Lewtas et al.. 198?). In some studies (Ldfroth et 
ali. 1983: Ldfroth and LaLzaridis. 1986) the origin 
of the mutagenic activity was ascertained by frac¬ 
tionation in which a major part of the activity of 
ETS was recovered in the basic fraction. 

The use of personal samplers for the collection 
of particulate matter coupled with a more sensi¬ 
tive mutagenicity test, a Salmonella microsuspen¬ 
sion assay, was recently explored and found feasir 
ble (Ling et al.. 1987). These studies have now 
been extended with measurements of the muta¬ 
genic response of airborne particulate matter col¬ 
lected during some typical situations outside home 
and work where involuntary exposure to ETS can 
occur. The chemical behavior of ETS as compared 
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to outdoor ambient particulate matter with respect 
to the contribution from the basic fraction has 
also been further studied: 

Materials and methods 

Sampling 

Indoor airborne particulate matter was col¬ 
lected on glass fiber filters with 2 battery-operated 
personal samplers (Casella AFC 1231 Casella 
London Inc.. Great Britain) using a flow rate of 2 
l/min for each sampler and 25-mm sampling 
heads. The samplers were carried in a small bag 
keeping the sampling heads near the breathing 
zone. i.e. no more than about 25 cm below the 
mouth/nose region. Sampling time varied from 
less than 1 h to more than 6 h depending on 
location. The Filters were stored in Airfoil at 
-20°C within 2 h of the end of the sampling. 

Parallel sampling of outdoor airborne par¬ 
ticulate matter was performed with a battery-oper¬ 
ated portable sampler (Casella HFS 800) using a 
flow rate of 10 I/min and a 35-mm sampling 
head. The sampling was made from a car parked 
at the nearby parking lot with the air intake of the 
sampler placed outside the car. 

Experimental sidestream smoke was collected 
as described previously (Ling et all. 1987) from 
machine-smoked cigarettes in a small 0.3-nr! hood. 
A high-volume sample of glass fiber filter-col- 
Ibcted urban airborne particulate matter was also 
used for comparison: 

Sample preparation 

The filters were extracted within 10 days after 
sampling. Extraction was performed with acetone 
using a bath-type sonicator. The solution was 
filtered through a No. 4 glass Filter to remove glass 
fiber debris. 

Fractionation with respect to polarity into basic 
and nun-basic fractions was performed by 
liquid-liquid extraction with diethyl ether and 
sulfuric acid and sodium hydroxide aqueous solu¬ 
tions as described earlier (Ldfroth. 1981). 

For the microsuspension assay, aliquots of the 
extract corresponding to known air volumes were 
transferred to 11 mm x 75 mm sterile glass tubes 
containing 5 /ill dimethyl sulfoxide (DMSO). The 
acetone was evaporated by a stream of nitrogen 


gas with the tubes inserted in a heating block and 
the evaporating solution was kept at < 40°C. The 
tubes were finally stoppered using sterile silicon 
stoppers and stored at - 20° C until they were 
used for the bioassay. 

For the plate incorporation assay, the extract 
was evaporated to a small volume and 1 then di¬ 
luted with DMSO. The samples were stored at 

- 2 o°e 

Bioassay 

The microsuspension technique (Kado et al.. 
1983) was used with minor modifications for all 
environmental samples in the present study 
Salmonella TA98 grown for about 13 h with rapid 
shaking was centrifuged and then resuspended in 
1/10 of the original volume in Vogel I and Bonner 
(1956) medium E (instead of phosphate-buffered 
salme) giving approximately IQ 10 cells/ml of w hich 
0.1 ml was added to the sample tubes 

The S9 was obtained from livers of Arodor 
1254-induced male Sprague-Da wley rats Its pro¬ 
tein content was 33 mg/ml as determined by the 
method of Lowry et al. (1951). The S9 mix was 
prepared as described by Ames et all (1975* but 
with Vogel and Bonner medium E instead of 0 2 
M phosphate buffer for the microsuspension a** 
say. Each sample tube received 0,1 ml S9 mix 
containing 101 S9 or buffer without S9. NADP 
and glucose 6-phosphate. 

The sample tubes, covered with sterile caps, 
were then immediately incubated for 90 min at 
37°C with about 175 rpm shaking after which 2 
ml top agar containing histidine and biotin were 
added. Following Vortex mixing, the samples were 
poured on minimal glucose agar plates. The plates 
were incubated for 48 h at 37°C. Revertant col¬ 
onies were then counted manually. 

The plate incorporation assay was performed av 
described by Maron and Ames (1983): The S9 mix 
contained 4 or 105 S9 and 0.5 ml was added to 
each plate. The S9 amounts employed were tho>e 
which are routinely used for other outdoor am¬ 
bient and indoor tobacco smoke samples. 

Depending on the amount of sample available: 
each sample was tested repeatedly on several occa¬ 
sions with 1 plate per dose and 3-5 plates tor the 
spontaneous control. Some samples were onk 
available for 1 or 2 independent tests but lUrger 
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samples were always tested 3 or 4 times. Each test 
comprised positive control compounds. Blank filter 
samples have been assayed and not found to give 
any detectable mutagenic activity. 

The dose response was evaluated with least 
square linear regression using all plate counts in 
the linear or approximately linear part of the 
dose-response curve. 

Results 

Environmental samples 

During this study a number of samples of 
airborne particulate matter have been collected at 
locations or travel situations which people may 
experience in their daily life. 


Table 1 relates the results from 2 visits to a 
shopping center in the northern part of the 
Stockholm area and 2 visits to the Stockholm 
Central (railway) station. The shopping center is 
about 12 m high and has a central 25 m x 45 m 
indoor plaza with four 45-65-m-long extending 
alleys. The Central station main hall has an indoor 
area of 28 m x 119 m and a height of about 15 m. 
Despite these spacious designs* the indoor pollu¬ 
tion. measured as mutagenic response of par¬ 
ticulate matter, is high and is higher than the 
response of simultaneously collected ambient out¬ 
door air. 

Samples collected during train travel (Table 2> 
were obtained in the common type of passenger 
cars containing 2 compartments separated by a 


TABLE 1 

MUTAGENIC ACTIVITY AND RESPONSE IN TA9«*$9 OF AIRBORNE PARTICULATE MATTER COLLECTED IN 
INDOOR PUBLIC AREAS AND SIMULTANEOUSLY AT NEARBY OUTDOOR LOCATIONS 


Sample 
location, date 
and duration 

Indoors 



Outdoors 



Dose 

(I air /plate} 

Counts 
(rev /plate) 

Response 

(rev. /m , V 

Dose 

(lair/plate) 

Counts 
(rev / plate) 

Response 
(rev , m J i 

Shopping center 

0 

49 


0 

49 


M 1222 : 

25 

62 


75 

46 


1 75 min 

50 

112 

1200 

150 

58 

<50 


too 

177 


300 

55 



150 

231 





Benzo( j Ipyrene 4 

0.5 Mg 

301 





Shopping center 

0 

51 


0 

51 


861230 

25 

52 


75 

58 


1*5 nun 

50 

94 

1000 

150 

82 

140 


100 

165 


300 

85 



150 

192 





Beiuo{ a ipyrene 

0 5 ji g 

345 





Central station 

0 

53 


0 

53 


roii 6 

25 

101 


200 

71 


2 3 5 nrun 

50 

163 

2500 

400 

149 

260 


too 

330 


600 

236 



:oo 

552 





Benzo{ a ipyrene 

0 5 Mg 

445 





Centra) station 

0 

62 


0 

62 


8*0130 

25 

107 


200 

59 


235 mm 

50 

178 

2200 

400 

75 

<50 


100 

335 


600 

77 



200 

449 





8 eruo (0 Ipyrene 

0 5 M g 

477 






J Concurrent positive control. 


to 

% 

CO 

CO 

2 

si 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnxOOOO 



sliding; door: one for smoking with 20 seats and 
one for non-smoking with 60 seats. The high re¬ 
sponses in the smoking compartment are not un^ 
expected and a dependence on the number of 
cigarettes smoked is evident. Most samples col¬ 
lected in the non-smoking compartment have a 
relatively low response but there is one exception 
in the sample collected 870215. This train was 
congested and there was much passenger move¬ 
ment with frequent openings of the door: the 
smell of tobacco smoke in the non-smoking com¬ 
partment* was apparent. 

Samples have been collected during 2 short air 
flights and 2 transatlantic flights (Table 3). The 
short flights gave only samples sufficient for 1 
assay with 1 plate per dose but even with this 


limitation a dose-dependent increase can be oh. 
served I resulting in relatively high responses. There 
is a substantial difference between the two trans¬ 
atlantic flights which may be explained by the fact 
that the sample of 861029 was collected in a 
non-smoking seat only 2 rows apart from smoking 
seats whereas the sample of 870516 was collected 
in an entire non-smoking section separated from 
smokers by the stewardess* areas. 

Experimental tobacco smoke 

The experimental cigarette sidestream smoke 
(Table 4) was generated from a common Swedish 
filter brand which in this experiment gave 29 6 mg 
tar particles/cigarette. This samplfe was used for 
comparing the response in the regular assay and 


TABLE 2 

MUTAGENIC ACTIVITY AND RESPONSE IN TABS SB OF AIRBORNE PARTICULATE MATTER COLLECTED DUR¬ 
ING TRAIN TRAVEL IN SMOKING AND NON-SMOKING COMPARTMENTS 


Sample, date and duration 

Dose 

(Hair/plate) 

Counts 
trev , plate) 

Response 
tirev., m } ) 

Smoking 

0 

48 


860021 

7t 

78 


250 min 

143 

126 

600 

5 cig. smoked 

286 

226 


Befuofa Jpyrene 4 

0.5 g 

478 


Smoking 

0 

62 


87020* 

75 

372 


275 min 

150 

705 

3500 

25 ctg smoked 

300 

429 


Beruofu )py rene 

0.5 Ml 

477 


Non-smoking 

0 

48 


861002 

71 

49 


250 nun 

W3 

60 

100 


286 

92 


Beruo( o jpyrene 

05 M | 

478 


Non-smoking 

0 

53 


T0121 

75 

6t 


270 min 

150 

"5 

100 


300 

83 


Beruolu jpvrene 

05 Ml 

444 


Non-smoking * 

0 

53 


fP0215 

50 

79 


240 min 

100 

117 

600 


167 

14? 


Benzofujpyrene 

0-5 mi 

42" 



J Concurrent positive control. 

* 2 additional nonsmoking samples collected 870210 and K702 1 4 gave response* of 100 rev / mV 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnx0000 



ihe presently employed microsuspension assay and 
for studies of the response of the basic and non* 
basic fractions of the smoke. For companion, a 
sample of urban airborne particulate matter was 
alta investigated and fractionated simultaneously. 

The total response of the sidestream smoke 
obtained tn the present study in the microsuspen- 
sion assay is higher than previously reported val¬ 
ues (Ling et aL 1987). This is mainly due to the 
use ofi the modified assay technique. Two other 
experimental cigarette sidestream samples were 
analyzed in the course of this study and the assays 
gave 220000 and 290000 revertants/cigarette with 
TA98 in the presence of S9, 

The much higher response of the microsuspen¬ 
sion assay (Table 4). known from previous inves¬ 
tigations (iKado et aL. 1983. 1986: Ling et al.. 
1987). is evident for both the sidestream smoke 
and the urban particulate sample. 

In the plate incorporation assayi the response 
in TA98:+ S9 of the basic fraction of sidestream 


Iu7 

smoke is about 67% of the total response. This is 
in agreement with earlier studies in which 67 and' 
70% were obtained (Lofroth et ah. 1983; Ldfroth 
and Lazaridis. 1986). In the microsuspension as¬ 
say. the response of the basic fraction is about 
45% of the total response in TA98> S9. This 
lesser relative response of the basic fraction in the 
rrucrosuspension assay is further supported by the 
results obtained with 2 environmental samples. 
The first sample was collected in an appanment 
during a party and gave a response of 3200 rev/ m 3 
(Ling et al., 1987) and showed after fractionation 
that 45% was present in the basic fraction (data 
not shown). The second sample, collected in the 
non-smoking section (corner) of a coffee shop in 
downtown Stockholm (data not shown), had about 
36% of the total response of 2200 rev /m y in the 
basic fraction. A contribution of about 400 rev. m* 
from ambient outdoor particulate matter would in 
this case explain the fractionation result. 

Urban airborne particulate matter has very lit- 


TABLE 3 

MUTAGENIC ACTIVITY AND RESPONSE IN TA98-S9 OF AIRBORNE PARTICULATE MATTER COLLECTED DUR¬ 
ING. AIR TRAVEL IN NON-SMOKING SECTIONS 


Sample, date, flight and duration 

Dose 

(1 air. plate) 

Counu 
trev . plate) 

Response 

1 rev m’) 

Gothcnburg-Oslo 

0 

52 


A60919. 

25 

66 


SK886 

50 

78 

500 

38 nun 

75 

91 


CKIo-Stockholm 

0 

52 


*60919 

25 

70 


SK'08 

50 

96 

1000 

38 min 

75. 

143 


Benzofujpyrene * 

0 5 Ml 

467 


New York-Oslo 

0 

46 


*61029 

24 

65 


SK902 

48 

82! 

soo 

360 mini 

96 

117 



192 

193 


Ben*o{ u |p> rene 

0.5 Ml 

403 


New York-Stockholm 

0 

68 


*'0516 

50 

87 


SK904 

too 

96 

200' 

390 mm 

200 

mil! 


Benzo(<*i|p>rene 

0 5 m| 

634 



' Concurrent positive control. 


I 


Source: https://www.industrydocL 5nts.ucsf.edu/docs/ltnx0000 
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TABLE 4 


MUTAGENIC RESPONSE IN TA98 OF UN FRACTIONATED AND FRACTIONATED EXTRACTS OF CIGARETTE 
SIDESTREAM PARTICULATE TAR AND AN URBANi PARTICULATE MATTER SAMPLE IN THE REGULAR PLATE 
INCORPORATION ASSAY AND THE MICROSUSPENSION ASSAY AND THE ACTIVITY OF CONCURRENT POSITIVE 
CONTROL COMPOUNDS 


Sample 

Uiut 

Plate incorporation 


Microsuspension i 



-S9 

+ S9-4* 

♦ $9-10* 

-S9 


Sidestream smoke a 

Crude extract 

Rev./tig. 

2700 

_ c 

37000 

70000 

240000 

Basic fraction 


1000 

- 

25000 

26000 

110000 

Non-basic fraction 


1500 

- 

5400 

19000 

75000 

Oban paruculaies b 

Crude fraction 

Rev/mg 

450 

520 


3000 

4 200 

Basic fraction 


20 

30 

- 

100 

120 

Son-basic fraction 


460 

430 

- 

2700 

2200 

Positive controls 

5 0 pg quercetin 

Rev./plate 




257 


25.0 pg quercetin 


318 

- 

- 

- 

- 

0.5 pg benzo( a jpyrene 


- 

- 

- 

- 

267 

2:5 pg beiuof a jpyrene 


- 

385 

207 

- 

- 

Spontaneous control 

Rev./plate 

26 

33 

36 

26 

36 


* The responses have been evaluated with 6 doses in the range 0 001-0 1 ctg./plate in the plate incorporation and in the range 
0 00025-0.024 cig./plate in the rrucrosuspenston assay. 
h The responses have been evaluated with 6 dbses in the range 25-1600 pg/plate for both assays. 
c -. not tested. 


tie activity in the basic fraction (Table 4) which is 
in agreement with earlier results (Ldfroth. 1981i; 
Ldfroth et ah. 1983). 

Discussion 

Public mdoor locations 

This exploratory study shows that typical pub¬ 
lic indoor locations, a shopping center piaza and a 
railway station waiting room, are much more pol¬ 
luted than the ambient outdoor air by mutagenic 
compounds present in airborne particulate matter. 
Although the sampling and analysis cannot prove 
the origin of the increased mutagenic activity, 
smoking is the only conceivable source. Concom¬ 
itant with an increase of the mutagenic response 
there is consequently alio an increase of other 
pollutants, such as nitrogen oxides and volatile 
hydrocarbons which are not detected by the muta¬ 
genicity testi The level of the indoor mutagenic 
response of KXXK250Q revertants/m 3 (Table 1) 
can be compared with an average response of 45 
revertants/m 3 (range 9-162) for seventy-six 24-h 


samples collected at street level at various lo¬ 
cations in Gothenburg (Sweden) andanalyzed with 
the microsuspension assay with TA98 - S9 
(Lofroth et aL unpublished results). The ambient 
outdoor response of < 50-260 revertants/m ■ mea¬ 
sured simultaneously in the present study (Table 
1) is of a reasonable magnitude considering the 
fact that these samples were collected during a few 
hours in the afternoon when the traffic is of more 
than the average 24-h intensity: 


Tram travel 

The mutagenic responses of the air of smoking 
train compartments (Table 2) are of an expected 
magnitude. The type of compartment sampled ha> 
a volume of about 40 m 3 and assuming an effi¬ 
cient air mixing, the concentration of 600 and 
3500 revertants/m 3 following smoking of 5 and 25 
cigarettes, respectively, during 4-4:5 h may be 
obtained with a combined ventilation and surface 
removal rate (Repace and Lowrey: 1980) corre¬ 
sponding to about 9^-12 air changes/h 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnxOOOO 





The result from the non-smoking compart¬ 
ments (Table 3) shows that smoke from the smok¬ 
ing compartment can penetrate into the non¬ 
smoking section. Although most samples only gave 
a small response, an activity of TOO revertants/ m 3 
must be judged to be above the background as the 
electrically powered train mostly travels through 
rural 1 areas. Separation of non-smoking and smok¬ 
ing compartments in a tram is most easily done by 
having an entire smoking car {or several) at the 
rear end of the train. 

Air travel 

Tobacco smoke in airplanes has recently been 
studied with nicotine analysis by Oldaker and 
Conrad 11987) who found that the average nico¬ 
tine concentration in the non-smoking sections 
was about half of that in the smoking sections: 5.5 
vs. 9.2 Mg/nr. The concentration in the nont 
smoking sections eorreponds to about 0.0013 
cigarettes/m 3 using the sidestream emission of 
nicotine <4.1 mg/eigarette) given by Rickert et al. 
<1984). The mutagenic response of 200-1000 re- 
vertants/m 3 (Tablt 3) obtained in the present 
study corresponds to 0.001 -0.005 cigarettes/nr' of 
which the higher value best relates to the situa¬ 
tions investigated by Oldaker and Conrad, i.e. 
non-smoking seats near smoking sections. 

The results of this study and of the investiga¬ 
tion by Oldaker and Conrad (1987) indicate that if 
smoking is permitted on airplanes, the smoking 
section ought to be physically separated from the 
non-smoking sections, e.g. by stewardess* areas. 

Chemical fractionation 

Using the plate incorporation assay, previous 
fractionation studies have shown that mutagens in 
tobacco tar particulates to a large extent are basic 
compounds responsible for more than 65*1 of the 
response. The relative activity of the basic fraction 
in the microsuspension assay is smaller with 
slightly less than 50*? of the total response being 
recovered in this fraction (Table 4). This is. how¬ 
ever. still significantly more than the correspond¬ 
ing relative response of compounds in ambient 
paniculate matter with a very small contribution 
from the basic fraction. There are no published 
reports indicating that some commonly occurring 
processes generate airborne particulate;matter with 


a High portion of the mutagenic activity m the 
basic fractiom A conceivable source of basic 
mutagenic compounds is cooking but it has only 
given a weak correlation to the total indoor muta¬ 
genic activity (van Houdt et all. 1984; Lewtas et 
al.. 1987). The sensitive microsuspension assay 
might thus be used as a tobacco-specific analysis 
if pan of an air particulate sample is subjected to 
fractionation, as has been explored in this >tudy 
with analysis of a sample from a restaurant and a 
sample from an apartment (see Results), Such 
differential analyses are deemed possible for mod¬ 
erately tobacco smoke-polluted air with sample 
sizes 2-3 times brger than those used in the 
present study of public indbor locations 

Muta%emc activity. and other tobacco smoke indica¬ 
tors 

Nicotine has so far been the only tobacco- 
specific air pollutant. Its value as an indicator 
may. however, be limited as nicotine may not be a 
health issue and as it may be prone to rapid 
adsorption to surface materials causing an under¬ 
estimate of the air pollution of other smoke com¬ 
ponents. Among other compounds emitted tn the 
sidestream, several!unsaturated hydrocarbons have 
high emission factors (Ldfroth et al.. 1987. and 
unpublished data). The emission of isoprene is 
about 2-3 mg/cigarette and this alkadiene may be 
utilized as a semi-specific tobacco smoke indicator 
although it is present at low background con¬ 
centrations originating from natural sources 
(Gelmont et al.. 1981: Lamb et al.. 1986). An 
advantage with isoprene. which it shares with 
mutagens tn the tar particulates, is that it is a 
potential mutagen and carcinogen following mam¬ 
malian metabolism (Longo et all. 1985). Ulti¬ 
mately, a combination of Salmonella mutagenicity 
of particulates, isoprene and nicotine may be used 
for a better estimate of environmental tobacco 
smoke. 
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This paper deals with low noise samplers for collecting particulates indoors, and 
analytical and biological methods sensitive enough to determine carcinogens and 
mutagens indOors. Two types of low noise samplers were devised. One can collect 
airborne particulates on a filter at allow rate of up to 251/min, The other is a 12 stage 
Andersen low-pressure impact or sampler for particle size distribution studies operated at 
allow rate of 201/min. Noise level of these samplers was less than 50dB. Polynuclear 
aromatic hydrocarbons (PAH) and nitroarenes in the particulate samples collected by 
these samplers were determined by the following highly sensitive analytical methods: 

1) PAH analysis which consists of ultrasonic extraction and high performance liquid 
chromatography (HPLC) with spectroflUorometric detector, and 

2) nitroarene analysis which consists of ultrasonic extraction, fractionation of nitroa¬ 
renes by absorption HPLC, chemical reduction of nitroarenes to the corresponding 
aminoarenes, and separation analysis by HPLC/fluorometry. 

Concentration of PAH and nitroarenes in a smoking room were usually higher than those 
in a non-smoking room, and most of these chemicals were found in particulates smaller 
than 1 pm in particle size. We confirmed that the micro-forward mutation assay using 
Salmonella typhimurium strain TM677 was 10 times or more sensitive than the Ames 
method. This bioassay was useful for the measurement of mutagenic activity of 
particulates indoors and revealed that mutagenic activity in a smoking room was usually 
higher than that in a non-smoking room. Furthermore, we developed a highly sensitive 
method for analyzing PAH in particulates, collected by a personal sampler. This method 
consists of ultrasonic extraction, liquid-liquid partition, and separation analysis by 
column concentration/HPLC/fluorometry. This method is suitable for analysis of 
benzofajpyrene, benzo(k)fluoranthene and benzo(ghi)perylene in a particulate sample 
collected by only 3001-air sampling. Some results on personal exposure to these PAH are 
also presented. 


Introduction 

Recently, carcinogens and mutagens indoors have attracted much attention for the 
following reasons: 

1) We spend 80 percent or more of our time indoors [ll j. 

2) Indoor air is polluted not only by pollutants in the outdoor air penetrating the indoor 
space but also by pollutants from indoor emission sources such as smoking, cooking, 
heating etc. 
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3) All these pollutants contain various kinds of carcinogens and mutagens. 

4) Recently , indoor ventilation rates have become lower than in the past due to advances 
in construction techniques and growing concern with energy saving. Thus, pollutants 
from indoor emission sources are increasing in their weights in indoor pollutioni 
In fact, several studies show that concentrations of carcinogens, mutagens and related 
pollutants in a room, where there is being heated, cooked and/or smoked, are higher 
than those outdoors [2*7]. 

5) The lung cancer mortality rate is increasing in major countries of the world. 

6) There is growing concensus that the indoor air quality is very important for a healthy 
and comfortable life, and that this is basically controlable because indoor space is 
generally small and many kinds of techniques for air quality control have been 
developed during the past years. 

However, little information has been published about carcinogens and mutagens 
indoors. This is mainly due to the fact that the techniques, for the survey of carcinogens 
and mutagens indoors have not been fully developed through sampling, bioassay and 
chemical analyses. 

Carcinogens and mutagens indbors are divided into gaseous/vaporous ones and 
particulate ones. We developed several techniques for measuring carcinogens and 
mutagens in particulates suspended in indoor space. That is, two kinds of Ibw noise air 
samplers for collecting particulates indoors, a microforward mutation assay which can 
measure mutagenicity of particulates collected by the low noise samplers, and highly 
sensitive chemical analyses for polynuclear aromatic hydrocarbons (PAH) and nitroa- 
renes have been developed, and these techniques have been applied to evaluate indoor 
pollution. This paper describes the outline of these technique and gives some examples of 
the Application of these techniques to measure carcinogens and mutagens indoors. 


Development of Low Noise Samplers 

Prior to the measurement of carcinogens and mutagens in particulates indoors^ the 
particulates should be collected by a sampler which should meet the following 
requirements;!) low noise, ii) large sampling flow rate in the range which does not affect 
the pollution level indoors, and iii) small in size and portable. These requirements are 
necessary to survey indoor pollution without disturbing the inhabitants of the studied 
buildings. We developed two types of low noise samplers which satisfied these 
requirements. The first one is a size-dependent sampler which can collect particulates in 
12 stages according to their particle sizes, The deposition rate of particulates into the lung 
is largely affected by the particle size. Therefore, this sampler will offer useful 
information about the particle size distribution of carcinogens and mutagens indoors. 
The other sampler is a low noise sampler which is small in size and can collect particulates 
without differentiation for size. This sampler is useful for survey of indoor pollution! 


77ie Size-Dependent Sampler 

Concentrations of carcinogens and mutagens in indoor air are generally very low. 
Therefore, the flow rate of the sampler should be as large as possible without disturbance 
of the indoor pollution level. In Japan, living rooms usually have an 8-mat area. The air 
volume of an 8-mat room is about 32 m 3 . Supposing that the natural ventilation rate in a 
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living room is 0;5 times per hour and that the permissible extent of disturbance of the 
indoor by sampling is 10 percent or less of the natural ventilation rate, the maximum 
sampling flow rate is calculated to be about 271/min^ Hence, we decided to develop an 
impactor type size-dependent sampler with a flow rate of 201/min, which can collect 
particulates separately in 12 stages according to the following 50% cut-off particle 
diameters; 12.1 pm or more, 8.5 pm, 5.7 pm, 3.9 pm, 2.5 pm, 175 pm, 0:76pm, 0.52 pm, 
0.33pm, 0.22pm, 0.13pm, and less than 0.13pm. 

A powerful suction pump was needed to operate this sampler, because the pressure 
loss of the sampler was -377 mmHg. Various kinds of pumps and various sound 
insulation methods were studied in order to develop a small, low noise size-dependent 
sampler. As a result, we found that with the Gast DAA- 103GB pump housed lih a sound¬ 
proof, anti-vibration case (465 (H) X 400 (W) X 660 (D): made of steel, double structure) 
with castors, the noise level can be reduced to 50dB or less even when airborne 
particulates indoors were collected in the 12 stages at a flow rate of 20 1/min. The sampler 
can be operated continuously for as long as two weeks or more. 


Low Noise Sampler 

Pressure loss in the sampler is not large when it is used for the collection of particulates 
without differentiating for size. Therefore, size reduction of the sampler is feasible. We 
devised the following sampler by putting the Nittoh Koki VP-0935 Pump with a suction 
flow rate of 601/min under no load in a vinyl chloridt case (320 (H) X 300 (W) X 420 (D)) 
with castors, and packing sound absorbingmaterials around the pump. This sampler can 
collect airborne particulktcs in the flow rate of 5-251/min. Noise level was less than 50 dB 
even when sampling was carried lout at the flow rate of 251/min. This sampler can operate 
continuously without any trouble for two weeks or more. 

We also devised pocket low noise samplers with the flow rate of 21/min and 0.11/min, 
respectively. The Utter sampler is about 400g in weight and can be used as a personal 
sampler. 


Development of a Highly Sensitive Mutation Assay and Its Application 
to Indoor Pollution Survey 

Mutagenicity of particulates in the environmental air has been extensively surveyed by 
the Ames methods [8-21]. This method can be used only for the measurement of the 
mutagenicity of particulates collected from 500 m 3 or more of environmental air. Thus 
this method has no adequate sensitivity to measure the mutagenicity of indoor 
particulates which are hard to collect in large quantities. We made efforts with Dr^ 
Lewtas, from the U.S.EPA, to develop a highly sensitive and relatively simple mutation 
assay which permits to measure mutagenicity of particulates indoors [2, 22]. Figure 1 
shows the scheme of this micro-forward mutation assay. 

The low noise sampler described before was operated at a flow rate of 201/min for 24 h 
each time, and airborne particulates were collected indoors on a quartz fiber filter 
(Pallfex, QAST2500). The organic compounds in the particulates were extracted by the 
ultrasonic extraction methods using benzene-ethanol (3:1, v/v) as an extracting solvent 
[23], The extracted solution was dried under reduced pressure at 32-35°C and the residue 
was disolved in 2 ml of benzene. Aliquots of the benzene solution (1,000, 500, 250 and 
100)4) were transfered in small test tubes, 2 pi of DMSO was added to each tube, and the 
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benzene was evaporated under a gentle flow of nitrogen gas at room temperature. Then 
98 pi of a solution containing Salmonella typhimurium TM677, which was prepared by 
the 10 times dilution of the fluid cultured for 3 h at 37°C, with Minimal E medium, was 
added to the test tubes, and the solutions were preincubated for one hour at 37 e C. After 
that, 80 pi of the incubated solution was added to 10 ml of soft agar containing 4 mg of 8- 
azaquanine (8-AG), mixed well, and 2.5 ml portions of the agar were poured into each of 
three M.E. agar plates* and spread uniformly. The plates were incubated for 44hat37°C, 
and the number of 8-AG resistant colonies indticed was counted. 

On the other hand, survival colonies were measured by the following procedures. 
100 pi of the remaining soft agar was diluted 10*000 times in two steps* and 2.5 ml! 
portions of the diluent were poured into each of three M.E. agar plates, and spread 
uniformly. The plktes were incubated for 44 h at 37 D C and the number of survival 
colonies were counted. The mutationfrequency was calculated from the number of 8-AG 
resistant colonies and the number of survival colonies. 

Figure 2 shows the dose-response curves for mutagenicity of an airborne particulate 
extract by the micro-forward mutation assay described above. The extract was prepared 
from outdoor airborne particulates collected by a high volume sampler. Figure 2 also 
shows the results of analysis using the Ames method with Salmonella typhimurium TA98 
and TA1D0 with and without S9 mix. This figure demonstrates dearly that the micro¬ 
forward mutation assay has a far higher sensitivity than the Ames method. Furthermore, 
the forward mutation assay needs only one tester strain of Salmonella typhimurium 
TM677, whereas the Ames method needs several kinds of tester strains in the 
mutagenicity assay of chemicals, airborne particulates and so on. It was estimated 
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Fig. 2. Comparison of 
mutagenic responses for 
airborne particulate 
extracts by the micro-for¬ 
ward mutation assay and 
the Ames Method. 
Micro-forward mutation 
assay 

O: +S9mix —S9 mix 

Ames method 
(Pre-incubation assay) 

D: + S9 mix 
■: —S9 mix for TA100 
A: +S9 mix 
▲: -S9 mix for TA98 



Airborne particulate extracts 



Volume of air collected (m 3 ) 

Fig. 3s-e. Dose-mutagenic frequency relationship for indoor and outdoor! airborne particulate 
extracts. a-d: Indoor samples from the room with a smoking, b smoking and boiling water on a 
portable gas stove, c non-smoking and d non-smoking and handling a gas burner • Outdoor 
sample. •: +59 mix ▲: -S9 mix 
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from th ese facts that the effect! vesensitivity of the micro+forward imitation assay was 10 to 
20 times higher than the Ames method. Relative standard deviation of the mutagenic 
activity of airborne particulate extracts in the micro-forward mutation assay was less than 
12%, sho wing that the repeatability of this assay was equivalent to that of Ames method. 

Figure 3 shows an example of a dose-mutagenic frequency relationship for indoor and! 
outdoor airborne particulate extracts. All airborne particulates were collected by the low 
noise samplers at a flow rate of 201/min for 24 h on the same day in our Institute (air 
sampling volume: 28,8 m 3 ). It can be seen from Fig. 3 that the air in a smoking room is 
apparently more mutagenic than the air in a nonsmoking room. The mutagenicity of the 
air in a non-smoking room where no gas burner is used shows the same pattern as the 
mutagenicity of outdoor air. 

Airborne particulates in a smoking room were collected by the size-dependent 
sampler at a flow rate of 201/min for 3 days, and the mutagenic activity of the extracts 
from the particulates collected in each stage has been measured by the micro-forward 
mutation assay. Table 1 shows theresults. Mutation frequency per cubic meter of air was 
34 X 10“ 5 under the test condition with S9 mix, and 51 X 10~ 5 under the test condition 
without S9 mix. Mutagenic activity of the particulates of 5.7 pm or less accounted for 
91% of the total activity under the test condition with S9 mix, and for 94 % of the total 
activity under the condition without S9 mix. Particulates of 1.25 pm or less in particle 
diameter have a fairly high-deposition rate into the deep part of the lung. Mutagenic 
activity of these fine particulates accounted for 76% and 83% of the total mutagenic 
activity in the test conditions with and without S9 mix, respectively. These results 
demonstrate clearly that the majority of mutagens in indoor particulates are in the small 
particulates that have a high lung deposition rate. 

Table 1 shows alio the mutation frequency per pg of particulates. The values were 
generally high in the particulates less than 1 pm in size. This was remarkable for the 


Table 1. Panicle size dependency of specific mutagenic activity of airborne particulate indoors 


Panicle 

size 

(pm)* 

Psrtick 

concentration 

(w/m’.wr) 

Muution frequency 
(X1D- 3 ) 
perm 5 , air 

Mutation frequency 
(X1D- 5 ) 

per particle amount (pg) 

+S9 mix 

—59 mix 

+S9mix 

—S9 mix 

> 22.1 i 

8:0 

1.7 

1.1 

0.21 

0.14 

8.5 

8:3 

1.4 

11 

0.17 

0.25 

5.7 

8.0 

2.5 

4.3 

0.31 

0:54 

3.9 

7.2 

0.6 

0:8 

0.08 

0.11 

2.5 

6:4 

2.1 

0.6 

0.33 

0.09 

1.25 

91 

2.0 

5.3 

0.22 

0.58 

0.76 

JJ.O 

2.8 

5.5 

0.25 

0-50 

0.52 

19j0 

6.9 

9.0 

0.36 

0.47 

0.33 

7.8 

4.4 

115 

0.56 

1.60 

0.22 

6J 

1.5 

15 

0.22 

0.37 

0.13 

3.1 

1.1 

1.1 

0,35 

0.35 

< 0.13 

4.6 

7.4 

6.2 

1.61 

135 


*50% Cut off size. 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnxOOOO 
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Table 2. Detection wavelengths and detection limits for PAH and their recoveries from airborne 
particulates 


Compounds 

Detector wivelengthi 
(nm) 

Ilf 

1 

Recovery from air¬ 
borne particulates 

Excita¬ 

tion 

Fluores¬ 

cence 

Recovery 

<%)•• 

c.v. 

(»r- 

Fluoranthene 

360 

463 

0:04 

103 

4.9 

Pyrene 

340 

395 

0.05 

102 

3.9 

Chrysene 

272 

364 

0.04 

101 

44 

Benzo(e)pyTene 

335 

379 

0.2 

107 

3:7 

Perylene 

4113 

474 

0.008 

103 

29 

Benzofluoranthene 

370 

406 

0.03 

102 

39 

Benzo(a)pyrene 

370 

406 

0.01 

99.2 

5.0 

Benzo(ghi)peryIene 

385 

419 

0.05 

103 

39 

Indeno( 1 ,2,3-cd)pyTene 

388 

508 

0.1 

102 

2.0 

Coronene 

305 

428 

0.06 

100 

5.0 


•S/N = 2; •♦Average of ID runs; ***C.V.: Coefficient of variation] 


mutagenicity obtained in the test condition without S9 mix. These results suggest that 
small particulates that have a high lung deposition rate are more mutagenic than large 
particulates in the indoor environment. 


Development of Highly Sensitive Chemical Analyses and Their Application 
to Inddor Pollution Survey 


A large part of carcinogens and mutagens are contained in the neutral fraction of the 
extract from airborne particulates [ill, 17, IS]. Major carcinogens and mutagens in the 
neutral fraction are polynuclear aromatic hydrocarbons (PAH) and nitroarenes [20,24- 
28]. We have developed several analytical methods for these compounds. 

The first one is the major PAH analysis which can analyze easily about 10 PAH 
indoors [29]. This method consists of the following procedures; collection of indoor 
particulates by a low noise sampler, ultrasonic extraction of PAH using benzene-ethanol 
(3:1, v/v) as an extracting solvent, liquid-liquid partition between the extract solution 
and 5% sodium hydroxide aqueous solution, and separation analysis of PAH by a high 
performance liquid chromatography (HPLC) with spectrofluorometric detection. HPLC 
was carried out in the following conditions: Column; ODS column (Number of 
theoretical plates for benzo(a)pyrene; 8700), Mobile phase; acetonitrile-water (65:35 
(v/v) for the first lOmin, 65:35-90:10 (v/v) for the 2nd lOmin, and 90:10 (v/v) for the 
last 10 min); Column temperature; 30°C, Flow rate of mobile phase; 1.0 ml, Detector; 
spectroflliorometerL 

Table 2 shows the spectrofluorometric conditions for detecting the 10 PAH and their 
detection limits in this method. Among these PAH, chrysene, benzofluoranthene, 
benzo(a)pyrene and indeno(l, 2,3-cd)pyrene are carcinogenic, and fluoranthene, pyrene, 
benzo(e)pyrene and benzo(ghi)perylene are cocarcinogenic in experimental animah.The 
detection limits indicate that even a trace amount of PAH can be detected easily. Table 2 
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total aerosol 



diameter (pm) 


ber»o(a)pyrene 



diameter (pm) 


Fig.4. Size distribution of airr 
borne particulates (total aerosol) 
and benzo(a)pyrene (BaP) concen¬ 
trations in indoor air 


also shows recovery of PAH from airborne particulates in this method. The recovery for 
the 10 PAH ranged from 99.2 to 107 % and the coefficient of variation from 2.0 to 3.9%. 
These results indicate clearly that this method is useful for the PAH analysis indoors. 

This method was applied to the measurement of particle size distribution of PAH 
indbors. Figure 4 shows the distribution pattens for particulates and benzo(a)pyrene. 
Almost all of the btnzo(a)pyrene is located in the particulates less than 1 pm in size, in 
contrast with the distribution of particulates as shown in Fig. 4. The distribution patterns 
for the other PAH were nearly the same as that for benzo(a)pyrene. This result shows that 
carcinogenic and mutagenic PAH indbors are present in the small particulates which 
have a high deposition rate into the deep parts of the lung. 

The second method developed is for nitroarene analysis. This method consists of 
collection of particulates by a low noise sampler, ultrasonic extraction, separation of the 
neutral fraction by liquid-liquid partitions, isolation of the nitroarene fraction by a 
normal phase HPLC, chemical reduction of the nitroarenes to corresponding aminoa- 
renes by sodium hydrosulfide, and separation analysis by reverse phase HPLC/ 
fluorometry [30]. By this method, 6 carcinogenic nitroarenes can be analyzed with the 
following detection limits; Ipgfor l,6-dinitropyrene,2pgfor 1-nitropyrene, 1,3-and 1,8- 
dinitropyrenes, respectively, 4 pg for 2-nitrofluorene, and 40 pg for 3-nittofluoranthene. 

Table 3 shows concentration of some of the PAH and nitroarenes in smoking and non¬ 
smoking rooms. Sampling was carried out in4 different days with low noise samplers at a 
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TibltS. Concentration of PAH and nitroarenes in non-smoking and smoking rooms 


Compound 

Concentration in indoor air (pg/mty 


1 2 3 4 Min. Max. Average 


(1) Non-smoking room 


1-Nitropyrtne 

0.069 

0.006 

0.094 

o.ni 

0.006 

0.1211! 

0:070 

1-Nitrofluorene 

0.011 

0.005 

0.007 

0004 

0.004 

0.011 

0:007 

Benzo(k)fluoranthene 

0.91 

0.55 

0.56 

1.88 

0.55 

1:88 

0.98 

Benzo(a)pyrene 

1.47 

1.07 

1.33 

435 

1.07 

4.35 

2:06 

B enzo(gbi)peryiene 

2.42 

1.36 

1.51 

4.89 

1.36 

4.89 

2:55 

Airborne partial late** 

31.3 

26.6 

35.6 

46.9 

26.6 

469 

35,1 

(2) Smoking room 

1-Nitropyrene 

0.106 

0.215 

0.238 

0.124 

0J06 

0.238 

0.171 

2-Nitrofluorene 

0.020 

0.032 

0:029 

0.023 

0:020 

0.032 

0.026 

Benzo(k)fluorantbene 

1.29 

3.36 

0.87 

2,24 

0,87 

3.36 

1.96 

Benzo(»)pyTtne 

2.82 

7.41 

2.59 

4.99 

159 

7.41 

4:45 

Benzo(ghi)pcrylene 

3:34 

7.90 

2.22 

5.17 

2.22 

7.90 

4:66 

Airborne particulates* 

92.6 

202 

105 

99.5 

926 

202 

125 


• unit»pg/m 3 

Sampling of airborne particulates was carried out with low noise samplers at allow rate of 201/min 
for 24 b in each 4 different dsys. 


flow rate of 201/rain, respectively. It can be seen from this Table that concentrations of 
particulates, PAH and nitroarenes in smoking room were 3.5 times, ca. 2 and ca. 3 times 
higher than those in non-smoking room, respectively. 

Measurement of the personal exposure level to carcinogens and mutagens is 
important in the study of health effects from air pollution. However, determination of 
carcinogens and mutagens in particulates collected by a personal sampler was extremely 
difficult, because the amounts of particulhtes collected by a personal sampler is as low as 
several tens pg, even if the sampler is operated for. 24 h. Thus; no report has been 
published on the personal exposure levels of carcinogens and mutagens as far as we know. 

We developed a highly sensitive method for analyzing three kinds of PAH in 
particulates collected by a personal sampler [31J. This method consists of the following 
procedures; ultrasonic extraction, liquid-liquid partition between the benzene-ethanol 
(3; 1, v/v) extract solution and 5 percent sodium hydroxide solution, drying the benzene 
layer fraction by gentle flushing with nitrogen gas at room temperature, disolution of the 
residue into 1 ml of acetonitrile, and separation analysis by a precolumn condensation/ 
HPLC/fluorometry. This separation technique permits the introduction of several 
hundreds of pi of a sample solution, and thus increases the actual analytical sensitivity 
about 100 times as compared with a conventional HPLC PAH that can be analyzed by 
this method are benzo{a)pyrene, benzo(k)fluoranthene and benzo(ghi)perylene. 

Figure 5 shows a block diagram of the device used for the separation analysis. The 
sample solution is introduced into the sample loop D (see Fig. 5), and then the PAH in it 
are transferred to the concentration column F for condensation. This condensation is 
done by flowing acetonitrile^water (48:52, v/v) through the column for 5 min. The 
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Fig. 5. Schematic diagram of the column concentrttion-HPLC system. A, B: HPLC pump, C: 
injection valve, D: Sample loop (0.5 ml), E: 6-way valve, F: concentration column (4.6 mm Ld. X 
30 mm, ODS), G; separation column (4.6 mm i.d. X 250 mm, ODS),/T: spectrofluorometer. It UV 
monitor, /? chart recorder, K: degasser, Lr water, M: acetonitrile: water (8:; 2, v/v) i 


Fig. 6. HPLC chromatogram of PAH in airborne 
particulates collected by a personal sampler. Sam¬ 
pling: 200 ml/min X 24 h 


composition of the mobile phase is prepared by mixing water from pump A with 
acetonitrile-water (8:2, v/v) from pump B in the ratio of 4:6^ respectively, immediately 
before the inlet of the column. After the condensation procedure is finished, pump A is 
stopped, and the valve E is turned in order to transfer the PAH from the column F to the 
column G for separation analysis. 

Figure 6 illustrates a HPLC chromatogram of PAH of the extract from particulates 
collected by a personal sampler. Particulate samples were collected at a flow rate of 0.21/ 
min for 24hours. In this case, samples corresponding to 501 of air were introduced into 
the HPLC. It can be seen from this Figure that three PAH in the personal particulate 
samples can be easily analyzed quantitatively by this method. The repeatability of the 
retention time and peak height in this method proved to be fairly good. For example, the 
coefficient of variation for peak height was 1.8% for benzo(a)pyrene, 2.5% for 
benzo(k)fluoranthene and 2.7% for benzo(ghi)peryltne. 

We are now surveying the personal exposure level to these PAH by the method 
described! above. Figure 7 presents the daily variation of the exposure level to 
benzo(a)pyrene for four volunteers. Volunteer A and B were smokers , and C and D were 
non-smokers. Exposure levels to benzo(a)pyrene were generally higher in smokers than 
non-smokers. Furthermore, the levels changed day by day and generally decreased on 
holiday. The same variation pattern was seen for benzofltjfluoranthene and benzo(ghi> 
perylene. 
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38.1 


Fig. 7. Personal exposure level to 
benzo(a)pyrene. A and B: smoker, 
C and D: non-smoker. Sampling 
was done January 6-14, 1987. 
Each sampling time was 24 h 
(January/! 0-11 was a holiday) 


i 

i 



The methods described here are effective for the measurement of mutagenicity, PAH 
and nitroarenes in airborne particulates indoors as well as the measurement of personal 
exposure levels to some PAH. Application of these methods to our living environment 
will produce many kinds of useful information for the evaluation of air quality indoors 
and also for the study on the health effects of environmental carcinogens and mutagens. 
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SUMMARY 

Decreases in ihc mortality of mooolayer cultures or I. 929 cdls exposed to sidestream (passive) smoke 
with increases in smoke age and dilution have been reported. In the current study, the concentration of 
sidestream smoke (SS) to wbkh cells were reposed was directly correlated with •• mortality ir tl 9*7) 
having 0% mortality at a concentration of 1.19% and a calculated mortality or 95*:% at a concentration 
of l ,lltr * Die In of % mortality was correlated with increases in smoke age (/• - - 0 9999) and the regres¬ 
sion equation was used to calculate 0 mortality at an age of Hi s and 193% mortality at the time of smoke 
generation. In addition, when sidestream smoke generated from a low-yield, filtered, modern design ex- 
per internal cigarette was compared with that generated from a high tar nonf.tiered reference cigarette, 
a lower number of puffs of smoke from the low-yield cigarette than from the high tar cigarette was 
necessary to yield 50% mortality of cefls. 


INTROIHICV ION 


A peristaltic P«mp smoke exposure system |l| has been used lo determine ibe 
cytotoxic effects of SS smoke (passive smoke) on monolayer* of murine L-929 cells 
|2|. The results of these studies indicated that a dose response for cytotoxicity oT 
SS smoke existed, and that cytotoxicity of smoke decreased wiih increased dilution 
or aging of the smoke. 

In a study of the effects of SS flow rales on smoke concent rations and yield of 


* Prevented at I he Inter national Experimental Toxicology Symposium on Passive Smoking. October 
2J-25, 19**. Essen ft R.G.). 
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high far, non-filtcrcd (2RI) and reduced-yield filtered, and tip-diluted (IR4F) 
reference cigarettes. Ciriffilh, Thomas and Hughes (Abstracts of the Tobacco 
Chemists' Research Conference, Knoxville, TN, U.S.A., paper 51, 1986) developed 
and reported data which permitted an evaluation of the initial results on effects or 
SS smoke dilution on cytotoxicity. In addition, the results suggest the possibility 
that modern cigarette design may reduce the cytotoxicity of mainstream smoke, but 
increase cytotoxicity of SS smoke. 


MATERIALS AND METII01>S 


The smoke exposure system 

The peristaltic pump mainstream-sidestream smoke exposure system and its adap¬ 
tation to study of cytotoxicity of smoke to monolayer tissue cultures lias been 
described in detail elsewhere |l. 2). Briefly, SS and mainstream smoke were col¬ 
lected as previously described |l). Age of smoke was varied by placing 2.5-cut 
diameter chambers of different lengths between the smoke source and the exposed 
tissue culture flasks |2|. 

The University of Kentucky Reference cigarette, 2RI, was used in the age and 
dilution studies. This cigarette is a high-tar cigarette with no filter, designed to he 
equivalent to cigarettes in use in the 1950s |3|. The 1R4F cigarette is a reduced-yield 
cigarette with an acetate filter and 30% tip dilution, more porous and faster burning 
paper, and, therefore, approximates modern cigarette design |3|. Cytotoxic effects 
of mainstream and sidestream smoke from the IR4F cigarette were compared with 
the effects of smoke from the 2RI cigarette under comparable conditions. 

Culture procedures 

Mouse L-929 cells, a fibroblast-like cell line, were grown to a confluent state in 
Falcon 25 cm 1 tissue culture flasks (Falcon Plastics, Oxnard, CA). Culture and ex¬ 
posure procedures arc described in detail elsewhere |2|. Control flasks of cells were 
subjected to all experimental conditions except exposure, and were included in all 
experiments. Viability of cell cultures was determined 24-48 h after exposure by 
means of trypan blue dye exclusion. % mortality was calculated as follows: 

(control viability - sample viability) 100 
% mortality « , ; 4 ... 

control viabdity 

Control viabilities ranged from 80-98%. 

RESULTS 


The effects of increases in concentrations of SS smoke reaching the exposure 
chamber on mortality of L-929 cells was determined (Table I). As concentration of 
SS smoke increased, % mortality increased (Table I). As calculated from the linear 
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regression curve, if the cells had been exposed to 100% of the SS smoke generated, 
a hypothetical 403% mortality would have been observed. These initial concent ra¬ 
tions of SS smoke reaching the exposure chamber were calculated on the basis of 
total SS smoke volume. When the increase in How rate of 1.68 nil/s for a lighted 
cigarette compared to an unlighted cigarette (Griffith, Thomas and Hughes, 
Abstracts of the Tobacco Chemists’ Research Conference. Knoxville, TN, USA, 
paper 51, 1986) was used to calculate SS smoke concentration, exposure of the cells 
to 100% of the SS smoke generated would have resulted in a hypothetical 9562% 
mortality of the cells (Table I). 

Aging of SS smoke resulted in a rapid decline in the mortality generated by the 
smoke (Table II). As calculated from the linear regression curve, an increase in age 
of SS smoke of 30 s after generation would have resulted in a total loss of cytotoxic 
effects (Table II). 

When the cytotoxicity of smoke generated front 2RI and IR4F for L-929 cells was 
compared, interesting results were observed (Table III). When mainstream smoke 
was generated from the cigarettes, substantially more puffs of mainstream smoke 
front the IR4F cigarette than from the 2RI cigarette were required to induce 50% 
mortality of cells (Table III). However, for SS smoke, the situation was reversed. 
Substantially more puffs of SS smoke from the 2RI cigarette were required to in¬ 
duce 50% mortality of cells than from the IR4F cigarette (Table III). 
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A COMPARISON Ol Till: CYTOTOXIC* l-ITT C TS ON I 929 (Til.LS Ol MAINS! KIAM AND SS 
SMOfcti GLNLRAltD I KOM 2RI AND IR4I CICiAKI TITS 


Value for smoke 
Itow IK I cigarette 


Value (or smoke 
front IK4I og.irctte 


Mainstream smoke esposure (Puffs) for 
50% mortality (a * SI M) 

Sidestream smoke esposure for M)"k mortality* 
Puffs (Individual Paired tspetimenis) , 


Puffs (* ± SFM) 10.3 ± 0 49 

• y*% Concentration of total SS smoke reached etposure chamber 
J’cO.OS by paired Mesi. 


6 * ± 0 25' 


generated From the 2RI cigarette reached I he exposure chamber containing l he cells 
very high level* of cytotoxicity were induced. A calculation of I he Itsxie cf feels of 
SS smoke from flic 2RI cigarciic indicated dial if 100 % of the SS smoke readied 
the cells in Ihc exposure chamber, a hypothetical level of 9562*/# mortality would 
have been observed! This calculation of Ihc increase in SS smoke How when die 
cigarette is lighted is likely to be an underestimate of ihc volume of SS smoke. I his 
would indicate that SS smoke, freshly generated from 2RI cigarettes, was indeed 
very toxic. 

The duration of this high level or cytotoxicity of SS smoke appears to he limited. 
The cytotoxic effect of SS smoke generated from the 2RI cigarette is very high at 
the time the smoke is generated. However, the cytotoxic effects of the smoke pro¬ 
gressively deteriorate with age. Calculations from the data generated indicate that 
by 30 s after generation of SS smoke, all cytotoxic effects should disappear. This 
would suggest that SS smoke is very cytotoxic, hut this cytotoxic effect is lost very 
rapidly with aging of smoke. 

The IR4F cigarette is a filtered cigarette with 30% tip dilution, and compared to 
the 2RI cigarette, has a more porous faster-burning paper and a reduced yield of 
tar |JJ. For this reason, it was of interest to compare the cytotoxic effects of smoke 
generated from the IR4F cigarette with the cytotoxic effects of smoke generated 
from the 2RI cigarette. More puffs of mainstream smoke generated from the IR4| ; 
cigarette were required to elicit 50*/* cytotoxicity of cells compared to mainstream 
smoke generated from the 2RI cigarette. This decreased level of cytotoxicity of 
mainstream smoke from the IR4F cigarette is what would be expected due to the 
dilution of maiastream smoke as a result of the tip dilution design of this cigarette 
| 2 | 

A smaller number of puffs of SS smoke generated from the IR4F cigarette, on 
the other hand, was required to generate 50V* cytotoxicity than was required from 
SS smoke generated from the 2RI cigarette. This demonstrates a higher level of 
cytotoxicity of SS smoke from the IR4F cigarette compared with SS smoke from 
the 2RI cigarette. The cytotoxic effects of smoke have been suggested to be due to. 
in some part, the gas phase of the smoke |2. 4-6). 

Using this model system, the cytotoxic potential of SS smoke has been 
demonstrated. Future studies can he utilized to determine how alterations in 
cigarette design could alter that cytotoxic potential. 


DISCUSSION 

The results of the present study indicate that SS smoke from the 2RI cigarette was 
extremely cytotoxic to L-929 cells. When the flow rale was corrected to lake into 
accountShe increase caused by the cigarette being lighted, I he cytotoxic potential of 
the SS smoke was more clearjy delineated. If as little as 1.6-3% of the SS smoke 
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SUMMARY 

Sidestream cigarette smoke was generated into an inhalation chamber from which five normal male 
volunteers inhaled the smoke Si/e distribution «»l the smoke aerosol was count median diameter. 0 11 
gm. mass median diameter 041 gin. Deposition fraction measured as concetti r at ion diMcicmc for cadi 
si/e fraction between inhaled and exhaled aerosol for each si/e interval was: 0 P?< *m. 0 ?4 ♦ 0 04; 0 11 
am. 0.15 t 0.04; 0.24 pm. 0.10 * 0.O4; and 0.42 gm. 00? ♦ 0(); the declining deposition fractton 
as size approaches 0.5 pm is consistent with previous theoretical and csperimeni.il data. 


INTRODUCTION 


The toxicity of sidestream cigarette smoke depends in part upon the particulate 
dose to the respiratory tract. For mainstream cigarette smoke inhalation, deposition 
fraction is reported by most authors to be0.7-0.95 ||. 2|, although one recent report 
suggests a lower mean deposition of 0.47 |3). These deposition fractions arc higher 
than expected Tor aerosol particles in the 0.3-0.5 gm size range, which is the xi/c 

• Invited paper; presented at the International I spciinternal fnsicotogv Symposium on Passive Smok 
ing, October 23-25, 194*. Essen (E.R.U.). 

** To correspondence and reprint requests should he sent at: University of Arkansas for Medical 
Sciences, 4.101 West Markham. Slot 555, I idle Rock. AR 7220* (U S A.). 



bvi 


s.ucsf.edu/docs/ltnx0000 



13-4 

the ban. These showed that the concentrations of nicotine, carbon monoxide and 
particulates were virtually identical to those recorded in non-smoking compartments 
before the ban. The levels found on platforms, where at that time smoking was still 
allowed, did not noticeably change. 

DISCUSSION 

It was found to be possible to measure constituents of tobacco smoke in the am¬ 
bient air of a public environment. The portability and inconspicuous design of the 
monitoring package allowed realistic measurements to be acquired. I evels observed 
in this study were all far lower than tHe recommended OSHA limits for safe ex¬ 
posure. 
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SUMMARY 

20 non-smokers on a defined diet low in polycyclic aromatic hydrttcarbqnx (PAID were exposed to en¬ 
vironmental tobacco smoke (ETS) in an umcmilatcd room lor X h. 1 he urinary mutagenicity in the 24 h 
urine samples a* tested with the Salmonella (TA9R) microsomc assay did not significantly increase alter 
exposure to either 10 ppm CO or 20-2? ppm CO. We conclude that exposure of non-smoker* to I IS 
docs not lead to an increase in their urinary mutagenicity, provided the exposure conditions are within 
a realistic range. 


INTRODUCTION 

A crude biomoniloring of acute exposure to mutagenic and potentially carcino¬ 
genic substances can be performed by measuring the mutagenicity of urine extracts. 
So far three studies (two on men (1,2) and one on rats [!)) have been published 
reporting an increase in urinary mulagenieity due lo ETS exposure. Surprisingly, a 
low exposure of men to ETS (2) was found to cause a much higher relative increase 

• Presented at the International Experimental Toxicology Symposium on Passive Smoking, October 
23-25, 19X6. Essen (I R C.). 

••To whom correspondence and reprint requests should be addressed. 

Abbreviations: DMSO, dimethyl sulfoxide; ETS. environmental tobacco smoke; PAH. potycvctic 
aromatic hydrocarbons. 
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in mutagenicity lhan an unrealistically high exposure level |l). It was the aim oTour 
study lo measure tlic mutagenicity in the urine of non smokers before ami after ex¬ 
posure to ETS, with the experimental conditions being strictly controlled. Further* 
morc, the Salmonella typhimurium TA9X mierosomc assay (Ames test) was carried 
out in coded samples. 

MATERIALS AND METHODS 

Subjects 

24 healthy male subjects (10 smokers and 14 non-smokers) aped 18 to 44 years 
(mean ape 22 years) volunteered to take part in either one or both of the following 
experiments. 

Experiment / 

10 non-smokers were put on a controlled diet low in PAH. During the first day 
after admission (control day), the subjects stayed in an experimental room (45 m\ 
2-3 ppm CO, 10-15 ppb NO, 20 ppb NOj. 20 fig/m' nicotine, 15-20 /tg/m' form¬ 
aldehyde) for 8 h. Smoking was not allowed. On the second day (exposure day) the 
subjects were exposed to RTS (10 ppm CO, 160 ppb NO, 10-30 ppb NOj, 40-100 
gg/m’ nicotine, 40 gg/m’ formaldehyde) in the same room again for 8 h. ETS was 
produced by 2 smokers smoking 42 cigarettes during exposure time. Rcforc and 
after each session blood samples were drawn for COHb and cotininc determination. 
The 24-h urine was collected for cotininc analysis and mutagenicity testing. 

Experiment 2 

This experiment differed from experiment I by the level of exposure only. Two 
groups of 5 non-smokers and 5 smokers each were exposed to ETS generated by the 
5 smokers smoking 100 cigarettes. The levels of ETS components increased as 
follows (control vs. exposure day)' CO: 2-3 vs. 20-27 ppm; NO: 10-15 vs. 280-350 
ppb; NO*: 15-20 vs. 130-170 ppb; nicotine: 20 vs. 120-150 jig/nT; formaldehyde: 
15-20 vs. 30-50 gg/m\ 

Methods 


CO and N0/NO 2 were continuously recorded on a Carbon Monoxide Analyzer 
(Model 8310, Monitor Labs Inc., U.S.A.), and on a Nitrogen-Oxide Analyzer 
(Model 8840, Monitor Labs Inc., U.S.A.), respectively. Nicotine and formaldehyde 
were determined by capillary gas chromatography |4,5|. COHb was quantified using 
a CO-Oximeter (Model 182, Instrumentation Laboratories Ltd,). Cotininc in scrum 
and urine was measured by a radioimmunoassay (RIA) |6|. Creatinine in urine was 
determined by the method of Jaffc (7J. For mutagenicity testing urine samples were 
extracted and determined according to modified methods of Yamasaki and Ames 
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|8) and Mohtashamipur cl al. [9|. The urine concentrates dissolved in 2 ml DMSO 
were invcsligaied for mutagenicity by I he Salmonella (TA98) microsomc (S9-mix 
derived from Aroclor-treated rats) assay. 

RESULTS 

The results arc summarized in Table I. COHb and cot ini nc in scrum and urine 
increased in non-smokers after ETS exposure, whereas no significant rise was found 
in urinary mutagenicity. Using the Wilcoxon-Rank sum test, the observed increase 
in mutagenicity in Exp. 2 docs not reach statistical significance {P = 0.06). It makes 
no difference whether the evaluation is based on the number of revertants per 24 h 
or on the number of revertants per mmol creatinine. The mutagenicity in urine of 
smokers is significantly elevated after smoking, but no correlation was found be¬ 
tween the mutagenicity and smoking parameters such as cigarettes per day, COHb 
and cotininc in scrum or urine. For comparison the mutagenic activities in urine 
after diets poor or rich in PAH arc also included 110|. The urinary mutagenicity was 
found to increase significantly after food rich in leafy vegetables and charcoal- 
broiled meal. 

DISCUSSION 

The exposure level reached in real-life situations may correspond to that in Exp. I 
[II), although the daily exposure lime is usually less than 8 h [12). The exposure 
level in Exp. 2 is far from being realistic. 

Bos ct al. 11) exposed 8 non-smokers to the ETS of 157 cigarettes in a poorly ven¬ 
tilated room for 6 h. The exposure conditions were similar to those of our Exp. 2 
with respect to cigarettes smoked per time unit and room volume (0.24 cig./m'/h 
in the Bos ct al. study v$. 0,27 cig./m'/h in our study). On the day of exposure the 
urinary mutagenicity was found to be higher than on the days before or after ex¬ 
posure. The increase in mutation rates amounted to about 4^# of that in smokers. 
This corresponds well to the rise by about 2^* as found in our second experiment. 

The experimental design of the study by Sorsa ct al. |2| differed from ours by ex¬ 
posure time and exposure level, the latter being much lower than in our first experi¬ 
ment (4 ppm CO vs. 10 ppm CO). In spile or this, the mutagenic activity in their 
passive smokers increased to about 70V# of that found in smokers. The extent of 
this relative increase is surprisingly high and certainly in contrast to the results ob¬ 
tained by Bos et al. (I) and by us. 

As shown in Fig. I, for both the ETS-cxposed and the PAH-diet consuming sub¬ 
jects the number of revertants induced by the urine extracts was less than twice the 
spontaneous mutation rate, indicating that the criterion of a positive test result as 
established by Ames |8| is not met. When testing the urine of our cigarette smokers, 
however, the results were clearly positive demonstrating a high sensitivity of our ex- 


Rm/Rs 



I iK.I. Minimum number of rcvcrlauis per plate dcriud by (lie spontaneous mut.ilion raic (Rm. KO, |„ 
dividual value* within eaeh subgroup arc sorted in a wending order. 

traction and test procedures (8,9,13). Furthermore, the large variability in our 
mutagenicity data, which was found despite strictly controlled conditions shows that 
yet unknown methodological and endogenous factors clearly outweigh the marginal 
increases in urinary mutagenicity after ETS exposure. Moreover, the relevance of 
an increased urinary mutagenicity with respect to cancer risk assessment is unclear 
1 11 1 Thcsc considerations support the view that measuring the mutagenic activity 
in passive smokers does not lead to results that predict an increased risk to human 
health. 
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SUMMARY 

Sis healthy young volunteers wuh no history of aiitst smoking wrnr asked to keep on their U estem 
diets .iwndmg i tie lonsimipuou ol ahoholic k'cup'i, excess col tee, ,tm son ot mednamem. and the 
known pto ,tmUoi. anli mm.igcu votitaimne fixnK ami drinks. 24 h tv tore amt dm tin* the espyiiments. 
I hvv we>v exposed passively to cigar cite smoke ptodtued l»s 4 h.ihiioal smokers m an umetudaied 4x 6 
m‘ room for X h. the carbon monoxide concentration uas Ift K5 * 7.3 ppm during the J* h esposurc. 

I ramestufi mutagens were isolated from 10 h urine samples using ehlotolotm amt were tested lor 
nm tape mill y io the \»hn> *nt 7/,r/mammalian mmosomc assas emploimg So/mo#*.//,/ n I A MS 

Althoiu'h clearly cuhaiHvd. no signitiiant mulagcnic act oily could be tound with 2> ml eijms.deui 
mine/plate after passuv exposure lonf.uvite smoke. 7he weak mtiiayenumes louml *c»e hiphix sigmti 
cam when 50 ml equivalent unne/ptate was tested No direct correlation was observed Ktwetn mmy 
rmitageiiKiiy and the urinary colinine conventration, f he results obtained are discussed with relrieme 
to mionsistent reports in the. literature concerning the iniitagcnicitv of nritre alter passive sirmkmg 


INTROOUCTfON 

Inconsisicnt evidence exists in the literature concerning I he recovery of imttagcm 
cxcrcicd in urine aficr passive smoking. Bos ct at. |l) reported, for the first tunc, 
that U-h urine of nonsmokers staying in a smoky room for 6 h was mill agonic, in 
contrast, the 1985 report of Sorsa ct al. |2j indicated no significant (although sug¬ 
gestive) difference between urine mutagenicity before and alter passive \mokine 
(their subjects were habitual smokers after a 48-72 h smoking cessation) The very 
recent paper of Scherer et al. {.T| indicate* mm-mulageuicHy of the urine ol 
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In two expenmea tall studies. 10 volunteer oooimoken were put on a controlled diet and exposed 
to two different ETS concentrations for I hours. During exposure in Experiment 1* the average 
indoor air levels of CO, NO, NOi, formaldehyde, and nicotine reached 10 |iL/L, 160 nL/L, 
20 nL/L. 40 pg/m } and 60 pg/m s , respectively. During Experiment 2, the respective eoncentra^ 
dons were 20 to 25 fiL/L. 310 nL/L, 150 nL/L, 50 pg/mi* and 120 ^g/m 1 . On the avwage, car* 
boxyhemoglobin increased by 0.7% after exposure in Experiment 1 and by 2.0% in Experiment 2. 
The serum i cotinine concentration increased by 1 ng/mL and 5 ng/mL in Experiment 1 and 2, 
respectively. On the average, the subjecu excreted 24 Mg (Experiment 1) and 70 Mg cotinine 
(Experiment 2) in the 24»h urine after ETS exposure. No statistically significant increase was 
found in the urinary mutagenicity after either of the two exposure regimens, whereas thioether 
excretion was significantly elevated. The data suggest that nonimokeri in reaMifc situations tale 
op very low doses of ETS constituents, and detoxification of the genotoxic substances inhaled ii 
effective. 


INTRODUCTION 

Environmental tobacco smoke (ETS) is a complex 
mixture of several thousand chemical compounds. 
These compounds are found in mainstream smoke as 
well, although its quantitative composition is quite 
different (Kins and Kuhn 1982). Dosimetry of ETS 
exposure should be based on biochemical markers 
that should be specific and representative. The com¬ 
monly used markers, such as nicotine, cotinine, car- 
boxyhemoglobin (COHb), and thiocyanate, do not 
meet all 1 these requirements (for extensive review, 

* To wboa MKtwfes thould be tddretwd. 


see U S. Department of Health and 1 Human Ser¬ 
vices 1986). Carboxybemoglobin and thiocyanate 
(a metabolite of tobacco-smoke-derived hydrogen 
cyanide) were found to be inadequate biomarkers in 
field studies mainly because of interference with 
sources other than ETS. Because of its subility and ^ 
specificity for tobacco smoke, cotinine in body fluids q 
appears to be the short-term marker of choice in 
population atndies. However, since carbon monox- 
ide, hydrogen cyanide, and nicotine are constituents CO 
of the gas phase of ETS (Endy et all 1985), an ade- QD 
qoate marker for quantitating particulatr-phase ex- h* 
posure is lacking. Additionally, these substances are JO 
not related to the genotoxic properties of ETS, an ££ 
attribute that is of highest concern with respect to & 
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long-term health effects of ETS exposure (IARC 1986). 
Solid risk assessments and comparisons to other risk 
factors such as smoking, diet, and ambient air pollu¬ 
tion require dosimetric data on the uptake of toxic 
and genotoxic substances during ETS exposure. 

The objective of the investigation was to measure 
urinary excretion of mutagenicity and thioethers in 
addition to COHb and 1 cotinine in serum and urine 
after high but controlled exposures of nonsmokers to 
ETS. Urinary mutagenicity, which can be regarded as 
a measure of exposure to genotoxic substances, has 
been found to increase in three experimental settings 
(Bos et al. 1983; Sorsa et al. 1985; Mobushamipur 
et al. 1987) but not in another experiment (Scherer 
et all 1987) nor in a real-life situation (Husgafvel- 
PuTsiainen et al. 1987). Thioether excretion, which 
can be regarded as an indicator of exposure to elec¬ 
trophilic substances, has been reported to increase 
after smoking (Van Doom et al. 1979) but to be 
unchanged after ETS exposure (Sorsa et al. 1965). 
Interest was focused on the relationship between ex¬ 
cretion of thioethers and mutagenicity in the urine 
after controlled ETS exposure, since both urinary 
thioethers and mutagenicity might at least partly be 
caused by exposure to the same substances; 

SUBJECTS AND METHODS 

Subjects 

Twenty-four healthy male subjects (14 nonsmok¬ 
ers and! 10 smokers) aged 18 to 44 years (mean age 
22.0 years) volunteered to take part in either one or 
both experiments. After admission to the laboratory 
on a Friday evening, they completed a questionnaire 
on socioeconomic and life-style factors as well as on 
their ETS exposure during the past 48 h. 

Protocol 

Experiment 1. After admission to the laboratory at 
8:00 pm, 10 nonsmokers aged 18 to 29 (mean age 
23.8 ± 3.6) years were put on a defined diet low in 
polycyclic aromatic hydrocarbons during the course 
of the experiment. The following night and day (con¬ 
trol day) any exposure to ETS was avoided. On the 
first day, the subjects spent 8 b in an unventilated, 
ordinarily furnished room of 45 m’ in order to simu¬ 
late exposure conditions. On the second day (expo¬ 
sure day), the subjects were exposed to ETS at a level 
of approximately 10 itL/L CO in the unventilated 
room for 8 h. The exposure session started at 8:30 am 
and was finished at 5:00 PM with a 30-minute lunch 
break at noon. The subjects were only allowed to 
leave the room to go to the lavatory. The smoke was 


generated by two smokers smoking cigarettes, so 
that a CO level of about 10 jiL/L was maintained. 
Blbod samples were taken before the subjects entered! 
the room at 8:00 am and after they bad left the room 
at 5:00 PM on both the control and exposure days. Each 
subject sampled his 24-b urines on two consecutive 
days. Sampling began after discarding the first morn¬ 
ing urine at approximately 8:00 am on the control 
day. The subjects were dismissed from the laboratory 
on the morning after the exposure day. 

Experiment 2. Experiment 2 was: carried out in the 
same way as Experiment 1 except for the following 
changes: It was performed in two separate runs, each 
of them comprising 5 nonsmokers and 5 smokers. Six 
of the nonsmokers had participated in Experiment 1. 
The age of the subjects ranged from 19 to 28 (mean 
age 23.7 ± 2.7) and from 24 to 44 (mean age 32.4 ± 7.0) 
years for the 10 nonsmokers and the 10 1 smokers, 
respectively. The smokers had to refrain from smok¬ 
ing after admission to the laboratory until entering 
the exposure room on the exposure day. After this 
they were free to smoke cigarettes of their own brand! 
The CO level on the exposure day of Experiments 
varied between 20 and 1 25 nL/L. The 10 smokers 
served as positive controls: for the biological moni¬ 
toring. 

Room monitoring 

The air sampling tubes were insulted in breathing 
height of a sitting person at the end of the room, 
which was opposite to where the smokers sat. Carbon 
monoxide and nitrogen oxides were measured contin¬ 
uously by a Carbon-Monoxide Analyzer, Model 8310 
(Monitor Labs Inc., USA) and a Nitrogen-Oxide An¬ 
alyzer. Model 8840 (Monitor Labs Inc., USA), re¬ 
spectively. Nicotine was sampled on Extrelut-filled! 
tubes for 0.5 to 2 b (flow rate 2.4 L/min). The loaded 
tube was alkalized by ammonia, and the alkaloid was 
elkiated with 20 mL ethyl aceute. In the dried and 
concentrated eluate, nicotine was determined by 
capillary gas chromatography (Klus et al. 1987): 
Formaldehyde was measured according to the method 
of Kennedy and Hill (1982). The aldehyde was 
derivatized with N-benzylethanolamine to form N- 
benzy loxazolidine that was detected by capillary gas 
chromatography. 

Biomonitoring 

Carboxybemoglobin (COHb) was measured by means 
of a CO-Oximeter, Model 182 (Inammenution Lab¬ 
oratories Ltd., USA) immediately after drawing; the 
blood sample. Cotinine in serum and urine was de¬ 
tected by a radioimmunoassay as described by Langone 
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et ail (1973) and modified by Haley et al. (1983). 
Thioethers in urine were determined by measuring 
suifhydtyl 1 groups with Ellman’S reagent after alka¬ 
line hydrolysis of the thioether bonds. Corrections 
were made for free sulfhydryl compounds (Van Doom 
et al. 1979; Heinonen et al 1983). 

Extraction of urine samples for mutagenicity 
testing was performed according to the original 
method'of Yamasaki and Ames (1977) modified by 
Mohtashamipur et al. (1985). Briefly, aliquots of 
400 mL filtered urine samples were adjusted to 
pH 8:0 (NaOH) and loaded on an XAD-2 column 
(0.7 x 8 cm): After washing with 3 mL of water, the 
column was extracted with 40 mL methanol. The first 
drops were discarded until the brownish eluate ap¬ 
peared. The eluate was evaporated to dryness under 
reduced pressure at 65 to 70 S C. The residue was 
dissolved in 2 mL DMSO. This procedure is reported 
to lower the histidine concentration in the extract to 
undetectable levels (Mohtashamipur etal. 1985). The 
urine concentrates were tested for mutagenicity by 
the Salmonella (TA98) microsome ($9-mix derived 
from Aroclor-treated rats) assay. Each sample was 
determined in triplicate using 10, 25, 50 and 75 pL 
urine concentrate, corresponding to 2, 5, 10 and 
15 mL of original urine. The slope of the linear part 
of the dose-response curve obtained by linear regres¬ 
sion technique was: used to calculate the mutagenic 
activity in the 24-h urine. In each case, the steepest 
of the three slopes was used for further analyses. 

Statistical analysis 

The one sample t-test for differences (exposed 
minus nonexposed) was applied. 

RESULTS 

Room monitoring 

In both experiments the ventilation conditions were 
rather poor, which is reflected by high room tem¬ 
peratures (27 to 30*C), high relative humidities 
(70 to 90%) and an unpleasant odor. The time pat¬ 
terns of CO during the control and exposure days of 
both experiments are shown in Fig. 1. The distribu¬ 
tion of cigarettes smoked by time in both experiments 
is indicated at the bottom of Fig. 1. During Experi¬ 
ment 1:, a total number of 42 cigarettes was smoked. 
During each session of Experiment 2, the total num¬ 
ber of cigarettes smoked amounted to 100. 

The CO levels hardly exceeded 2 pL/L on the 
control day. During the exposure day of Experiment 
1. the CO concentration fluctuated around 10 pL/L. 
For Experiment 2, the CO level was between 20 and 


25 pL/L and reached 27 pL/L at the end of the ses¬ 
sion. The CO concentration decreased in the 30'min 
lunch break during which smoking was stopped and 
the room was kept closed. 

Approximately the same time pattern 1 was observed 
for NO. Control-day levels amounted to 30 nL/L, 
whereas the NO concentrations increased approxi¬ 
mately to 160 nL/L in Experiment 1 and to 300 nL/L 
during Experiment 2. The NO, levels measured dur¬ 
ing the exposure day of Experiment 1 hardly ex¬ 
ceeded the control-day levels amounting to 10 nL/L 
and were even lower in the afternoon. Interestingly, 
the peak concentration was observed during lunch. 
The reasons for this are not known yet. During; the 
exposure day of Experiment 2, the NO, concentration 
amounted to about ISO nL/L and 1 , showed a slight 
increase during the course of the session. The NO, 
level in Experiments is more than proportionately 
elevated when compared to Experiment 1. 

The formaldehyde level, which was 15 to 20pg/m 3 
on the control day. rose to about 40: pg/m 3 during 
Experiment 1 and approximated 60 pg/m 3 in the af¬ 
ternoon of Experiment 2. The formaldehyde concen¬ 
trations are only weakly associated with the number 
of cigarettes smoked in the test room. 

The nicotine concentration increased 1 from a back¬ 
ground level of 15 to 20 pg/rn 3 up to 100 pg/m 3 
during the first experiment and up to 180 pg/m 3 
during the second! It 1 is worth mentioning that the 
nicotine level follows more strictly the number of 
cigarettes smoked than the other ETS components. 

Biomonitoring 

The results of the biomonitoring are summarized 
in Table 1. The COHb remained constant in nonsmok¬ 
ers on both control days and increased by 0:7% on 
the average after the first exposure regimen and by 
2.0% after the second exposure regimen. For smok¬ 
ers, the COHb decreased to nonsmoker levels during 
the phase of smoking abstinence and increased by 
7.0% after smoking cigarettes for 8 b. On the aver¬ 
age, the smokers smoked 14.7 ±7.8 (range 5 to 34) 
cigarettes: in the 8-h< exposure period and 1 8.8 ±4.3 
(4 to 15) cigarettes during the following evening. 

The ETS-related increase in serum cotinine amounted 
to about 1 ng/mL after exposure in Experiment 1 and 
to about 5 ng/mL in Experiment 2. Due to the long 
half-life of cotinine, the smokers’ serum cotinine 
levels remained more than 100 ti mes hi ther than 
those of the nonsmokers. The cotinine concentrations 
measured in smokers during the control day and be¬ 
fore the start of smoking on the exposure day reflect 
the well-known slbw cotinine elimination kinetics. 
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Fig.l. Iadooc air coccenimioo of carboa aoaoxida tad wmbcr of cigarettes smoked 
during Experiment 1 and Experiment 2. 


Table 1. COHb and eocimae ia saram and ariae of ITS -exposed ooetmoken and cigarette smokers. Means (Standard deviation). 



Ixperiaant 1 

taper laant 2 





Monaaafccrt (M10) 

lowiUn <—10) 


Mm (0*10) 



Contra! day Oapoaura day 

Central day 

EH 

ae Making 

o "eking 

CONO cx> 

0.00 e.a. 

5.00 p.n. 

0.34 (0.1$) 0.10 (0.02) 

0.32(0.11) 0.07 (0.04>~ 

0.03 (01 If) 

0.02 (0.13) 

0.05 (0.32) 

2.0f (0.13)*** 

2.04 (1.10) 

1.24 (0.40)*** 

0.1) (O.M) 

r.tr «.»>••* 

Sense cat Inina 
(mm.) 

0.00 a.a. 

$.00 p.a. 

0(0) 0(0) 

0 (0) 1.1 (0.J)*** 

1.2 (1.7) 

O.t (1.0) 

0.* (1.0) 

371 (130) 

242 (04) 

wdn 
tu <•»»••• 

Urine eetlnlne 
M/24h» 

0 (0) 23 (0)- 

21 (13) 

07 (20)-* 

0400 (10007 

sue oao) a 


Statistical CMperfaane: CONb and aans a evt Inina: $.00 pa va 0.00 as; urine eetlnlne t aapset«e a* aantral dvr 
levels a# atfntfUancat • ip < 0.09; M i p a 0.01; s p « 0,001 
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Basically, the same pattern is to be seen for the urinary 
cotinine excretion. The nonsmokers excreted on the av¬ 
erage 15 tig/24 h (Experiment 1) and 46 pg/24 b (Ex¬ 
periment 2) more cotinine than on the corresponding 
control days. 

After ETS exposure in Experiment 1, the thioether excre¬ 
tion was elevated by 13.9 pnol/24 h (p*0.07) and in Exper¬ 
iment 2 by 21.4 iunol/24 h (p <0.01) (Fig. 2). The average 
amount of thioethers excreted by the 10 smokers on the 
control day was still elevated (89.1 pmol/24 h) as com¬ 
pared with nonsmokers and inc r eased to 136-1 pmol/24 b 
(p <0.01) after smoking (Hg. 2). 

Urinary mutagenicity shows a high interindividual 
variability under all experimental conditions (Fig- 3). In 
nonsmokers, no increase was found in Experiment 1, 
whereas a slight but statistically not significant in¬ 
crease (p«0.l5) was observed in Experiment 2 (Fig. 3), After 
smoking, the mutagenic activity of the urine was signif¬ 
icantly increased (p <0.01) (Fig, 3). 


DISCUSSION 

The indoor air data reveal that the exposure level 
in Experiment 1 may correspond to real-life situa¬ 
tions (Klus et al. 1987; Triebig and Zober 1964; 
Sterling et al. 1982}, although the daily exposure 
time is usually less than 8 h; on average; it is about 
3 b (Letxel and Johnson 1984; Ministerium for Arbeit, 
Oesundheit und Soiiales NEW, 198?). The exposure 
level and duration in Experiment 2 bears no relation 
to a real-life situation. These considerations are also 
supported by the COHb measurements. An increase 
by 0.7% in COHb as observed after ETS exposure in 
Experiment 1 is rarely reached by nonsmokers in 
normal indoor environments where smoking is 
permitted (Szadkowski et al. 1976;7arvis et all 1983), 
The cotinine levels in serum and urine as measured 
in the experiments are not suitable for comparison 
with results of field studies on ETS exposure (larvis 
et al. 1983; Wald et al. 1984). This is due to the 
protocol of the study, which includes only a single 



Exptrinwntl Experiment? Experiment 2 


(Nonsmokers) (Nonsmokers) (Smokers) 

Rf.2. IaSividul dug** of wisely (fciwtbw uemiaa xfur STS wyw> at d|«rw f auUip 
(The fi|WM isTer to todvWexl tekjecu.) 



Source: https://www.industrydocuments.ucsf.edu/docs/ltnx0000 


2023381303 



54 


0. Scfctra «t *L 


Rt v /?4h Riv./Zfch 



H|.3, Individa*l cfeaogei of triatry vriaary aoUftaocity tfitr BTS upoian tad ofarttu nnoking. 
(Tb* figona rtftr to adividonl sabjaou.) 


ETS exposure period of 8 h and to the relatively long 
half-life of cotinine of about 20 h. Both facts prevent 
cotinine from attaining steady-state levels in the sub¬ 
jects. 

While an increase in thioether excretion after smok¬ 
ing is well documented (Van Doom et al. 1979), an 
increase in thioether excretion after high ETS expo¬ 
sure has been described for the first time. Recently, 
Sorsaet al. (1985) were unable to find a change in 
thioether excretion after moderate ETS exposure 
(4 |iL/L CO, 5 h/d, for 2 days) of 6 volunteers in a 
chamber experiment. The relatively low exposure 
level, insufficient dietary control, and the fact that 
habitual smokers were used in the study might ex¬ 
plain the discrepancy with the present study. According 
to the findings; smoking does not lead to a substan¬ 
tially higher increase in thioether excretion when 
compared to ETS exposure. The smokers; however, 
show higher base levels in thioether excretion, which 
could be due to their previous smoking and/or dietary 
factors. The latter might alto be the reason for the 
somewhat elevated thioether level in the nonsmokers 


on the control day of Experiment 2. Preliminary data 
obtained in the laboratory show that smokers have to 
refrain from smoking and be kept under controlled 
dietary conditions for at least 3 to 5 days before a 
steady state in the daily amounts of thioetbers ex¬ 
creted is attained. 

The absence of a significant increase in urinary 
mutagenicity after ETS exposure as found in this 
study is in accordance with results reported by Soru 
et aL (1985) and Husgafvel-Pursiainen et al. (1987). 
but at variance with those published by Bos et al. 
(1983) and Mohtashamipur et al. (1987). The in¬ 
crease in mutation rates as found by Bos et al, (1983) 
wu Just significant and amounted to about 4% of that 
measured in smokers, an increase that is rather similar 
to the rise by 2% that was observed in Experiment 2. 
Mohtashamipur et al. (1987) reported an increase in 
urinary mutagenicity after experimental ETS expo¬ 
sure that is comparable to smoking 4 or 5 cigarettes 
actively and that would conespond'to an ETS-reiated 
rise in urinary mutagenicity of 15% relative to that 
found in smokers of 30 cig/d. This ia clearly in con- 
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trtst to the findings of Bos et at. (1963) and the 
present study’s results. Differences in the urine ex¬ 
traction methods might have contributed to this dis¬ 
crepancy. Mohtashamipur et al. (1987) speculate that 
the urine volume tested (IS mL in the present exper¬ 
iment vs. 50 mL in their study) might have caused 
this discrepancy. While this might play a role in this 
study, it is not relevant to the study of Bos et al. 
(1983). who also tested urine aliquots of about 
$0 mL. On the other hand, increasing cytotoxicity 
that interferes with the Ames test when testing urine 
volumes considerably higher than IS mL was ob¬ 
served. With the exception of the study by Husgafvel- 
Pursiainen (1986) from work-related exposure to ETS, 
all studies, including this one, were performed under 
experimental conditions. The time- integrated ETS 
exposure doses are estimated to be similar or some¬ 
what lower in the studies of Bos et al. (1983) and 
Mohtashamipur et *1.(1967), while they are substan¬ 
tially lower in the study of Sorsa et al. (1985) when 
compared: to Experiment 2. Sorsa et al. (1985) re¬ 
ported a nonsignificant elevation of mutagenic activ¬ 
ity after ETS exposure that amounts to 70% of that 
found after smoking, despite the relatively Ibw ETS 
exposure level. This discrepancy could partly be at¬ 
tributed to the low mutation rates found after smok¬ 
ing and partly to the fact that abstinent smokers 
(instead of nonsmokers) were used for this experi¬ 
ment. Except for smokers when smoking, it was found 
that the number of revertants induced by the urine 
extracts were low and usually less than twice the 
spontaneous mutation rate. Additionally, no dose-re¬ 
sponse relationship was observed with urine concen¬ 
trates of ETS-exposed nonsmokers. This indicates 
that the criteria of a positive test result as established 
by Yamasaki and Ames (1977) were not met, Further¬ 
more, the high variability in the urinary mutagenic¬ 
ity, which was observed despite strictly controlled 
conditions, suggests that yet unknown methodologi¬ 
cal and endogenous factors clearly outweigh marginal 
increases in urinary mutigemdty after ETS exposure. More¬ 
over, the relevance of an increased urinary mutagenic¬ 
ity with respect to cancer risk is unclear as of yet. 
Rddiger and Lehnert (1988) stated that an increased 
urinary mutagenicity does not necessarily indicate a 
higher exposure with genotoxic substances, since the 
compounds active in the Ames test may be formed 
from inactive urinary precursors by the in vitro me¬ 
tabolizing system. On the other hand; a negative 
Ames test does not exclude a genotoxic burdfen of the 
organism. since active metabolites may react with 
cellular constituents in the body and are thus not 
excreted in the urine. These considerations lead to 


the conclusion that measuring the urinary mutagenic 
activity, at least in passive smokers, is not an appro¬ 
priate method of predicting an increased risk to human 
health. 

Another aspect of the mutagenicity data attracted 
interest: the relationship of urinary excretion of thioethers 
and mutagenicity, The intracellular glutathione- 
S-alkyl-transferase/giutathione system! efficiently 
protects the organism from destructive effects of elec¬ 
trophilic substances. Thioethers (mercapturic acids) are 
excreted in the urine as final products of this detox¬ 
ifying pathway (Chasseaud 1979). The mutagenic 
activity in urine as detected by the S. typhimurium 
microsome assay may at least partly be caused by 
electrophilic intermediates or their precursors that 
escape from reactions in the organism and appear in 
the urine. Van Doom et al. (1979) observed rather 
parallel time courses of urinary thioethers and muta¬ 
genicity in smokers who were advised to stop smok¬ 
ing and to start again. No measurable increase in 
urinary mutagenicity after extreme ETS exposure, 
despite a significant increase in thioetber excretion, 
was seen. On the other band; both parameters are 
significantly increased 1 after smoking. The data are 
compatible with the assumption that either the muta¬ 
genicity in smokers’ urines may be caused by com¬ 
pounds that ETS-exposed nonsmokers do not take up 
in measurable amounts or that the cellular glutathi- 
one-S-alkyl-transferase/gluuthione system' in non- 
smokers may dbtoxify substances that otherwise would 
reach the urine and could be detected as mutagens by 
the Ames test. 
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Although sainstreat stoke (US) and aidbstreat taokt (SS) of 
cigarettes contain the saae substances, they art released in 
differant aaounts and, aoreover, tha ratio (SS/H5) varies froa 
aubatanca to substance. Rnvlronaental tobacco saoke (RTS) to which 
tha passive aaoktr la exposed consists for the aoat part of highly 
diluted SS and to a leaaar degree of exhaled MS . In view of the 
differences iin the phyalcocheaical properties (particle site dis¬ 
tribution, pH) between MS and RTS, and due to the fact that stokers 
differ in their inhalation pattern froa passive aaokera, the aaount 
of tobacco stoke coapounda taken up froa RTS cannot be calculated; 
by aaans of a aiaple linear extrapolation based on the active 
uptake of aaokera. In order to obtain some insight into this 
aechaniaa, we aeesured the levels of COBb and the urinary excretion 
of cotlnlne, thioethera and autagenielty after controlled RTS- 
exposure and following cigarette eaoking. The results lead us to 
conclude that doses taken up by eaoking and passive sacking cannot 
be coapared on the basis of one single kioaarker and that the 
urinary autagenielty In saokera aay be caused by coapounda which 
RTS-exposed non-aaokere do not take up in effective aaounts. 

IRTROnUCTZ OB 

For obvious reasons, the possible health risk of paaaive 
stoking la often linearly extrapolated froa tha valuta found in 
stokers. For instance;, Russell (1) calculated the nuaber of deaths 
di»e to passive aaoklng in tha UK to ba about 1000 per yeer by 
coopering salivary cotlnlne levels in non-aaokere end aaokara. 
These extrapolations, whatever the reality of their basis night be, 
laply that RTS (aalnly consisting of SS) which is breathed in by 
passive saokera end MS which la inhaled by aaokera, have the eeae 
biological properties end that they both reach and 1 art deposited In 
tha seas areas of the lung. Theoretically, one would have to aaisuae 
that very low doses evoke the seat biological responses as higher 
doeea. For a nuabar of reasons, however, e aiaple linear risk 
extrapolation froa active to paaaive eaoking liei questionable. 1) 
The SS/MS ratios of clgaretter art aubatanca related end range froa 
0.5 to 100 (2). 2) SS consists of smaller particles (3) end has e 
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higher pH (2) compared to MS * 3) Deposition rate of breathed SS in 
the human respiratory tract was found to ba 11 % (4)• whereat 
smoking results in deposition ratea of 30-90 X (3). *) ET5 ia sore 
or less aged before it ia breathed in by tha non-emoker, whereas 
tha smoker inhalaa fraah MS. In vitro investigations show that tha 
former ia laaa toxic than tha latter (6). 

Proa thia it can ba concluded that tha passive smoker takaa in 
▼ary low doses of a complex mixture of substsneee which differs 
from MS in physical, chaaical and biological terms. Additionally, 
low doaaa of toxic and ganotoxic aubataneaa can ba more affactiva- 
ly eliminated by dafanca systems auch aa tha mucociliary claaring 
mechanisms and the glutsthlona-5-tranafarase/glutathlons (CST/GSB) 
system than la tha case with higher doaaa. In order to gain a 
greater Ineight into what happana to potent!ally genotoxlr con- 
pound a after active and paaaiva Booking we performed two controlled 
studies during which the urinary excretion of thioethara and 
mutagsne was naaaured In addition to other tobacco smoke-related 
dosimetric paraoatara. 

MATERIAL AMD METHODS 
Study 1 tpniivt inoiiagl 

The study has bean described in more detail elsewhere (7). 
Briefly, 10 non-smokers ware exposed for 8 hours to ETS at levela 
equivalent to 10 and 25 ppm CO in two separata experiments. Each 
experiment included a control day during which an 8 hour sham- 
exposure took place. Blood was collected before end 1 after the stay 
in the experimental room. On both tha control and exposure days, 2A 
h-urina was sampled. Csrboxyhamoglobin was measured in fraah blood 
by meant of a CO-oxlmetar (It 182, Instrumentation Laboratories 
ltd.). Cotinlhe (8), thioethara (9) and mutagenicity (10) in urine 
ware determined uaing slightly modified published methods. All 
biochemical data were collected under blind conditions. 

Study 1 (active amakiiul 

Eight male smokers (mean agat 31.3, ranges 23-42 years) stopped 
smoking 3 days before admission to the laboratory. The subjects 
stayed in the laboratory from tha eve of the first experimental day 
until tha morning after the eighth day. During thia period the 
volunteers received a controlled diet low in polycyclic aromatic 
hydrocarbons. The meals were Identical In quality and quantity on 
each of tha 8 daye of tha study. On day 1 and 2 the subjects did 
not amoks. On day 3, 4, 5, S, 7, and 8 they smoked 1/2, 1, 2, 4, 8, 
and 16 cigarettes of their own brand, respectively. The Interval 
between lighting two cigarettes waa standardised 1 to 30 min. Smoking 
caaaed on each day at 4 pm. Blood samples for COKb measurements 
wars drawn every day immediately before end after smoking;. Urine 
sampling periods throughout tha study were from 8 am to 4 pm, from 
4 pm to midnight and from midnight to 8 pm. In each urine fraction 
cotinlnei, thioethara and mutagenicity were determined. In order to 
compare tha raaulta with those of etudy 1, 24-hour urinary 
excretion rates (8 am to 8 am) wars calculated. 
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The result* of both studies ere summarised in Table 1♦ For the 
ETS-exposed non-smoker*, dose-related increases in COHb, urinary 
eotlnlne and thioether excretion were observed* this was not the 
case for urinary mutagenicity. 

Table It Dose-related increases in COHb and urinary excretion of 
cotinline, thioether* and mutagenicity (TASS ♦ 89 nix) 
after controlled active and passive socking 



A COHb 

_TXT_ 

H e 

Cotinlne 

(mr/24hl 

1 n (8 D) 

Thioethers 

(uMol/24h) 

Hutagunicity 

(l«v/24hl 


Study 1 (K-10) 



tuilll . ■ oik 1'n't 


experiment Control 0(0.1) 

8(8) 

40.0(15.4) 

875(371 ) 

1 

ETS exp. 0.7(0.1) 

23(8) 

53.9(22.8) 

1069(565) 


(10 ppm CO) 




Experiment Control 0(0.1) 

21(13) 

69.3(36.3) 

236(358) 

2 

ETS exp. 2.1(0.2) 

67(26) 

90.7(44.8) 

548(757) 


(25 ppm CO) 





Study 2 <H-8) 




Actlvt luollnt 



dir_ 

Cit/d 




1 

0 

113(74) 

98.3(19.4) 

1424(893) 

2 

0 0(0.1) 

32(18) 

97.9(20.7) 

1171(864) 

3 

0.5 0.5(0.2) 

77(23) 

89.5(23.7) 

•08(533) 

4 

1 0.9(0.3) 

116(39) 

82.4(19.3) 

1615(519) 

5 

2 2.0(0.8) 

227(93) 

72.2(22.4) 

1845(939) 

6 

4 3.1(0.9) 

316(106) 

84.8(19.0) 

1713(391) 

7 

8 5.1(1.0) 

858(304) 

93.8( 18.5) 

3051(714) 

8 

16 7.3(1.8) 1626(729) 

103.7(25.6) 

5645(3589) 


The Increases in COHb after both exposure refines exceed those 
reported in real-life situations (11, 12). The amounts of eotlnlne 
excreted in the urine of our subjects should not be coopered with 
data obtained in field observation, since eotlnlne has a half-life 
l of about 20 hours and thus does not attain steady-state coneentra- 

i Clone in our study. The excretion of thioethers Is regarded as an 

, indicator of exposure to electrophilic (and therefore potentially 

, mutagenic and/or carcinogenic) substances (13). tfe found' an In¬ 

crease of thioether excretion in both BXS exposure experiments, 
» which was statistically significant in the high dose experiment (25 

I ppm CO). To our knowledge, this is the first report of a 

significantly elevated thioether excretion after STS exposure. 
(14). Ve relate this finding to the strictly controlledi dietary 
conditions in our study minimising confounding effects of food. 
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The urinary outagenlclty after ETS exposure va« found to be at 
the detaction Holt of the Aoea-test. When applying the criteria of 
a positive teat result {doubling of the spontaneous nutation rate 
and linear dose-relationship (10) there was no indication of 
outageniclty in the urine of ETS^exposed non-smokers. The absence 
of a significant increase in urinary outageniclty after ETS 
exposure found by us is In accordance with the results of two other 
studies (14, 15), but at variance with those by Boa at al 1 . (16) and 
Hohtashaaipur at el. (17). Boa at al. (16) reported an Increase 
after passive cooking amounting to 4 X of the values oeeaurtd after 
cooking. This is dollar to our findings (2 X). However, Mohtasha- 
oipur (17) reported a ouch higher ETS-ralatad Increase •quivalent 
to the outageniclty found after sooklng 4-5 cigarettes. 

An interesting result of Study 1 is the difference in the two 
urinary parameters, the relatively high thioether excretion, but 
the lack of a clear Increase in outageniclty. The increase in 
thioether excretion amounted to 30-40 X coopered with values 
measured after active cooking. This Increaae clearly exceed* the 
relative increases in COHb and urinary cotlnine. Two hypotheses 
night explain thia findings 1) In ETS-expoaed non-aookers the 
cellular GST/GSB systeo may detoxify substances which otherwise 
would have reached the urine and could be detected as autagena by 
the Aoea-test, while in cookers the capacity of this systeo oay be 
overloaded, 2) the outageniclty in cookers* urine oay be caused by 
compounds which ETS-exposed non-cookers do not take up In aeasuIr¬ 
akis mounts. 

in order to distinguish between these two possibilities we 
performed e controlled sooklng experiment during which smokers 
smoked Increasing aoounts of cigarettes, starting with a vary low 
dose (1/2 clg/d). If the first hypothesis la correct, the amount 
of thioethere excreted should rise at lower doses before urinary 
mutagenicity increases. As can be seen frooTable 1, measurable 
Increases in urinary thloethtra and mutagens ware only observed 
when 4 or sort cigarettes/d were cooked!. With respect to mutageni¬ 
city, this result confirms observations of other authors (11). This 
finding does not confirm hypothesis 1. 

Thioether excretion declined during the first 5 days of the 
study (0 to 2 clg/d). This could bs due to the introduction of a 
controlled diet and the cassation of cooking. Since the subjects 
abstained from cooking for 5 days and reccivedi the controlled diet 
for 2 1/2 dbys before resuming sooklng the possibility of a alow 
component of the thioether elimination mechanism has to be consid¬ 
ered. Aa shown in Figure 1, this assumption ie also supported by 
the excretion of outagena and thloathara in the individual B h 
urine fractions. A circadian rhythm for the thioether excretion was 
observed in nearly all of our aubjecta. Excretion levels peaked in 
the samples taken between 4 pa end midnight. These high levels do 
not appear to be related to cooking and may be attributable to'the 
diet. Furthermore, cooking aeaoa to affect the thioether excretion 
leas rapidly and leas affectively than the excretion of mutagens 
(Table 1, Figure 1). The highest urinary outageniclty recorded was 
observed within • or 16 hours after sooklng at least 4 cigarettes. 
This finding is in line with Kado at al. (19) who reported an 
elimination half-life of approximately 7 h. Sinca there la no 
absolute complementary relationship between urinary tkloethers and 
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nutagenlclty ( we concluda Chat tha second hypothetic ia tha aort 
probablt. 


M Mutagenicity (Rev/Bh) 
CD Thioethers (jjM0l/8h) 


0 0 5 1 2 4 8 16 cig/d 


Tigure 1 

Average amount (with bars for standard deviation) of mutagenicity 
and thioethers excreted in the 8 h- urine fractions. For each day 
the sampling periods were: 8 am - 4 pm, 4 pm - midnight and mid¬ 
night - 8 am. The two bars on the left side of the graph represent 
dHe of the 8 h.urine fraction (midnight - 8 am) before the Start 
of the e.\|)'jr uir?n t . 

A regression analysis via performed on tha data of study 2 t 
conaldarlng only tha linear part of tha desa-response-raletlea- 
ahlpa• Tha slopes (increaea/clg) vara related to tha increases 
measured after IT5 azpoiura (Table 2). 

Table 2i STS exposure dose expressed aa "cigarette equivalent*" 
by coopering data of Study 1 and Study 2 


(10 ppm CO) 

STS exposuri 
(25 ppo CO) 


1.55 

0.13 

Ml 

<0.St) 

Ml 

0.44 

10.44 

<0.f3) 


The extant of ITS axpoaura axpraaaad a* "cigarette equivalent” 
clearly depends on tha biological parameter used, indicating that 
”eigaretta equivalents” bated on tlnflt markers art not a valid 
measure of doaa for STS axpoaura. This result confirm the 
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theoretics! considerations Bade in ths IHTRODUCTIOM and emphasizes 
the difference in quality between ETS and MS exposure. The 
surprisingly high increase in thioether excretion after ETS expo- 
aura needs further investifation. 
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Urinary Mutagenicity, Hydroxyphenanthrene, and Thioether 
Excretion After Exposure to Environmental Tobacco Smoke 

G. Scherer, K. Weslphal, and F. Adlkofer 


Summary 

In two controlled studies 10 non-smokers each were exposed for 8h to environmental 
tobacco smoke (ETS) equivalent to 10ppm CO (Experiment I) and 25 ppm CO 
(Experiment 2). During the control and the exposure period the room air was monitored 
for CO, NO, NO], nicotine and formaldehyde. Biomonitoring included determination of 
carboxyhemoglobin (COHb), cotjnioe in serum and urine, and urinary excretion of five 
different monohydroxyphenanthrents (OH-PHE), thioethers and mutagenic activity (as 
detected by the Salmonella typhimurium TA 98/microtome assay). The observed 
increases in COHb indicate that ETS exposure in Experiment I was substantially higher 
than in a real-life situation, whereas that in Experiment 2 bore no relation to common 
passive smoking. This is mainly due to the fact that high ETS exposure in a real-life 
situation is usually much shorter than 8h per day. Urinary excretion of OH-PHE and 
mutagenicity was not significantly increased after both experimental ETS exposures. In 
contrast to this, excretion of thioethers was elevated after ETS exposure in Experiment I 
(P w 0.07) and Experiment 2 (P < 0.001). Our results suggest that non-smokers in real-life 
situations take up very low doses of ETS constituents, which in case of potentially 
genotoxic substances are likely to be detoxified. 


Introduction 

There has been much controversy in the scientific literature about the health risk to 
non-smokers due to passive smoking [8]. Since epidemiology which provides most of 
the evidence for a positive correlation between ETS exposure and chronic diseases is 
extremely sensitive to bias and confounding factors in low risk associations [241, solid 
risk assessments should not be based on epidemiological data alone. Toxicological data 
have to be considered as well in order to come to firm conclusions. Dosimetry of ETS 
exposure is clearly ■ prerequisite for risk evaluations. Nicotine, cotinine and thiocya¬ 
nate in body fluids at well as COHb are normally used as biochemical markers for ETS 
exposure [10], While in fact these markers permit comparing tobacco smoke exposure 
during active smokin&with that during passive smoking to some limited extent, they do 
not allow direct estimates of the non-smoker's body burden by toxic and, in particular, 
genotoxic substances* This is due to the quantitatively different composition of 
mainstream smoke (inhaled by the smoker) and sidestream smoke (breathed in highly 
diluted form by the non-smoker) [12], the different aging time-related toxicilies of both 
smoke types [21], and the different patterns; of inhalation between active and passive 
smoking resulting in different deposition rates and distributions in the respiratory tract 

[6. in 
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In order to get some more insight into the exposure doses of potentially genotoxic 
substances after ETS exposure, we extended the biomonitoring in two controlled ETS 
exposure experiments to the excretion of five different monohydroxyphenanthrenes 
(used as marker for exposure to polycyclic aromatic hydrocarbons (PAH))»the excretion 
of thioethers (used as a marker for exposure to electrophilic substances), and the 
excretion of mutagens in the urine. 


Material and Methods 

Subjects 

Twenty-four healthy mate subjects (14 non-smokers and 10 smokers) aged 18 to 44 
years (mean age 22.0 years) volunteered to take part in either one or both experi¬ 
ments. After admission to the laboratory on Friday evening they completed a 
questionnaire on socio-economic and life-style factors as well as on their ETS 
exposure during the last 48 h. 


Protocol 

Experiment 1: After admission to the laboratory at 8 pm, 10 non-smokers aged 18 to 29 
(mean 23.8 ±3.6) years were put on a defined diet low in polycyclic aromatic 
hydrocarbons during the course of the experiment. The following night and day (control 
day) any exposure to ETS was avoided. On the first day the subjects spent 8 h in an 
unventilated, ordinarily furnished room of 45 m s , in order to simulate exposure 
conditions. On the second day (exposure day) the subjects were exposed to ETS at a level 
of approx. 10 ppm CO in the unventilated room for 8 h. The exposure session started at 
8.30 am and was finished at 5 pm with a 30-min lunch break at noon. The subjects were 
only allowed to leave the room to go to the lavatory. The smoke was generated by two 
smokers smoking cigarettes, so that a CO level of about 10 ppm was maintained. Blood 
samples were taken before the subjects entered the room at 8 am and after they had left 
the room at 5 pm on both the control and exposure day. Each subject sampled his 24 h 
urines on two consecutive days. Sampling began after discarding the first morning urine 
at approximately 8 am on the control day. The subjects were dismissed from the 
laboratory on the morning after the exposure day. 

Experiment 2 was carried out in the same way as experiment I except for the following 
changes: It was performed in two separate runs each of them comprising five non- 
smokers and five smokers. Six of the non-smokers had participated in experiment I. The 
age of the subjects ranged from 19 to 28 (mean 23.7 ± 2.7) and from 24 to 44 (mean 32.4 ± 
7.0) years for the 10 non-smokers and the 10 smokers, respectively. The smokers had to 
refrain from smoking after admission to the laboratory until entering the exposure room 
on the exposure day. After this they were free to smoke cigarettes of their own bra nd. The 
CO level on the exposure day varied between 20 and 25 ppm. The 10 smokers served as 
positive controls for the biological monitoring. 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnx0000 
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Table!. Biomonitoring in ETS exposed non-smokers and cigarette smokers. (Mean ± SO) 



Experiment 1 

1 

Experiment 2 




Non-smokers (n = 10) 

Non-smokers (n = 10) 

Smokers (n = 

10) 


Gontrdl day 

Exposure day 

Control day 

Exposure day 

Control day 
(no smoking) 

Exposure day 
(smoking) 

catVSTffi 

before 

after 

0.34 ±0.15 
0.32 ±0.13 

0.18 ± 0.02) ... 
0187 ± 0.04 J 

0.63 ±0.19 
0.62 ±0.13 

0.65 ±0.321... 
2.69 ±0.131 

2.44 ± 1.10 
1.24 ±0.40 

0L81 ± 0 44) .. 
7l87 ± 2.201 

Serum coiinine (ng/mi) 
before 
after 

0±0 

0±0 

o±o )... 

1.1 ±0.3) 

1.2 ±1.7 

0.9 ±1.6 

04 ±1.0)... 

4.9 ± 0.91 

3T7.8 ± 129.7 
242.3 ± 84.3 

145.7 ±31.0).. 
244.0 ± 844) 

Cotinine in urine (ng/24 h) 

8 ±8 

21 ±8 

21 ± 13 

67 ±26 

4.485 ±1,795 

3.584 ± 1.278 





• •• 


• 

t Hydrosyphenanthrenes 
in urine (pg/24 h) 

5.63 ± 2.38 

5.33 ± 2.05 

4 60 ± 0 . 30 

4 28 ± 0.80 

4,82 ± 0.48 

5.55 ± 0i44 



NS 


(NS)* 


cr 

Thioethen (jiMol/24 h) 

40.0 ±113.4 

53.9 ± 22.8 

69,3 ± 36.3 

90.7 ± 44.8 

89.1 ±24.8 

136.1 ± 38.9 



NS 


*• 



Mutagenicity 

Rev./plate 4 

Rev./24h 

6- 12 
875 ±371 

3- 16 

1.069 ± 565 

0-10 

236x358 

0- 19 

548 ±757 

0-23 

927 ± 510 

IS- 376 
113.819 ± 17.224 



NS 


NS 


• « 


LeveU of significance are as follows: NS = not significant, p > 0.05; # p < 0:05; **p < 0.01; ***p < 0 001. 

* | Range Of highest mean rates (minus spontaneous r»i4) of triplicate measurements observed after applying 10, 25, 50 and 75 pi urine concentrate 
(corresponding to 2. 5, 10 and 15 ml urine). 

* Two pooled urine samples of five subjects each. 


O 
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The Effects of Environmental Tobacco Smoke 
on Pulmonary Function 

M.D.Lebowitz and J.J.Quackcnboss 


Summary 

A community study in Tucson is underway to evaluate the effects of environmental 
tobacco smoke (ETS) exposure on acute and chronic pulmonary function, including 
bronchial reactivity. Study families (about 700) are par! of a multi-stage stratified cluster 
sample. Monitoring for PM 10 and PM2.5 in the houses showed a good correlation 
between amount of tobacco smoking in the home and measurements of concentration; 
distributions of PM by amount smoked do overlap somewhat. Further, PM 10 and PM2.5 
have a very close correlation (R 2 * 85%). 

In the first 400 subjects* some relationships have been found between proportions 
with significant durinal peak flow (PEF) and ETS (by amount smoked in the home), 
controlling for PM 10 or PM2.5 (Mg/m 2 ). These relations of PEF - bronchial lability in 
association with PM and ETS, some of which are definitely paradoxical, have to be 
explored further. So far, the acute changes are not reflected in any differences in chronic 
symptomatology. Further, the acute symptoms have not been associated with ETS-PM; 
one exception is non-specific, complaint symptoms, which are higher when both ETS and 
PM 10 are highest (p *= 0.08). It is possible that PEF changes have a similar mechanism. 
To study the relability and validity of such relationships, atmospheric nicotine and serum 
cotinine should be evaluated. 

Environmental tobacco smoke has various chemical constituents that are either 
annoying, irritating, or biologically active (US Surgeon Oenerat 1975, 1984). Thus, 
there are different effects on the primary organ site, the lung (Stein and Weinbaum 
1986): annoyance responses affect the lung only in suggestible individuals who may 
respond with increased airway resistance; a few asthmatics arc like this. Irritants can 
produce several responses, that are dose-dependent. Constituent may be biologically 
active: they may attract defense and inflammatory cells which may lyse to release 
proteases, endotoxins, and chemotactic factors, and stimulate the production of 
mediators, leading potentially to inflammation (and bronchial reactivity), stimulate 
mucus glands, and/or affect immune responses. Certain constituents may alter dna or 
RNA within cells. Irritant responses may be greater in previously sensitized individuals. 
Biological activity will depend on host status and susceptibility (physiologically, 
biochemically, immunologically). Biological assays/markers help determine status/ 
susceptibility. 

Sensitivity/susceptibility is a function of age as well, and early exposures and 
infections are quite important (Lebowith and Burrows 1986). Some of the effects 
mentioned can be measured by pulmonary function responses, in individuals character¬ 
ized by their susceptibility or sensitivity (Lebowitz et at. 1987). Acute and chronic effects, 
and the relationships between them, need to be considered. 


H. Kisufta (Ed.) Indoor Air Quality 
© Rnrinarr-Vr rla*. RrtMn Hridrthrrv 1990 
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URINARY EXCRETION OF •^WE***** 
HYDROXY-PHENANTHRENES AFTER INTAKE 
OF POLYCYCLIC AROMATIC HYDROCARBONS 


F. Martin. I; Hoepfner, G. Scherer and F. Adlkofer* 

Fortchungtgttoilschaft Raucton und Qatundhait mbH, Hamburg, FRG 

G. Oettbarn. and G. Grimmer 

Bioctwnisctits Imtitul for Umweltearcinogun#, QroOfcansdori, PRO 


CJ17-475 (Rtcrivti 5 Novtnbtr 1957; Aeetf Ud 5 Msy 1959) 


The intake of polycyclic aromatic hydrocarbons (PAH) from various sources including smoking, 
passive smoking, diet, and workplace was studied. Up to five different monohydroxy-pbenan- 
threnes (OH-PHE) excreted into the urine were used as biomarkers for PAH exposure. The 
OH-PHE excretion of smokers was slightly but not significantly elevated as compared to non- 
smokers. No difference in urinary OH-PHE excretion was observed in nonsmokers before and 
after exposure to environmental tobacco smoke (ETS) even if the exposure levels were unrealis¬ 
tically high. A diet containing elevated levels of PAH leads toe rise in urinary OH-PHE excretion. 
A considerable increase in OH-PHE excretion was found in road paving workers as well as in one 
wood creosoting worker. The amount of OH-PHE excreted was up to 200 times higher than in 
nonsmoking or smoking control*. 


INTRODUCTION: 

Exposure to polycyclic aromatic hydrocarbons (PAH) 
has drawn much attention because PAH are consid¬ 
ered to be potential human carcinogens (Internationa] 
Agency for Research on Cancer 1983; 1984a; 1984b; 
1983; Deutsche Forschungsgemein-schaft 1987). PAH 
are formed from incomplete combustion or pyrolysis 
of organic material. They occur in food, waters to¬ 
bacco smoke, and in polluted air, particularly at tome 
workplaces. PAH from combustion sources or petro¬ 
leum products form a complex mixture in which phen- 
anthrene is an important quantitative constituent The 
disposition kinetics of phenanthrene which is generally 
found to be nonmutagenic and noncarcinogenic (Inter¬ 
national Agency for Research on Cancer 1983) in 
mammals is mot known . 

'To whom cormpoadtace should be xddreued. 


At present, no commonly used biomarker for PAH 
exposure has been established. Becher and Bjoerseth 
(1983) proposed the determination of urinary PAH 
metabolites after chemical reduction to the parent 
compounds. Jongeneelen et al. (1986) preferred mea¬ 
suring 1-hydroxypyrene in the urine of exposed sub¬ 
jects. Sims (1962) reported excretion of l-,2-,3-,4- t 
and 9-hydroxypbenanthrene (free and as sulfuric ester) 
in urine of rats and rabbits treated with phenanthrene. 

The same monohydroxy-metabolites (except for 
9-bydroxypbenanthrene) were found by Jacob et al. q 
( 1982) in vitro experiments with induced rat liver 
microsomes. The major metabolites of phenanthrene, 
however, are the 1, 2*. 3, 4-, and particularly the CO 
9,10-dihydrodiols (Jacob et al. 1982) which are ex- Q0 
creted as various conjugates in the urine (Sims 1962; 
Horning et al. 1987). CO 

The objective of our investigation was to compare 
the urinary excretion of monobydroxy-phenanthrenes ® 
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(OH-PHE) in subjects exposed to different PAH sources 
including smoking, ETS, diet, and two different work¬ 
places. For this purpose we determined the urinary 
excretion of 1-, 2-, 3-, 4-, and 9-hydroxyphenanthrene 
(see also Hoepfner etal. 1987). 

SUBJECTS AND METHODS 

Exporimont 1 (Smoking) 

Six healthy nonsmokers aged 25 to 43 yean and 
six healthy smokers (average daily consumption 25 
to 44 cigarettes) aged 23 to 30 years collected a 24 h 
urine in their normal environments. The subjects com¬ 
pleted standard questionnaires on eating, drinking, 
and smoking habits and life-style. The urine samples 
were analyzed for OH-PHE. 

Exporimont 2 (ETS oxpoouro) 

Ten nonsmokers were exposed to ETS equivalent 
to 10 and 20 to 25 pL/L CO under strictly controlled 
conditions (Scherer et al. 1967). The high ETS con¬ 
centration was generated by 10 smokers who were 
also included in the investigation. They smoked be¬ 
tween 15 and 25 cigarettes during the exposure pe¬ 
riod. OH-PHE were measured in each 24 h urine 
collected during the experiment with 10 tiL/L CO. In 
the experiment with higher ETS exposure we decided 


on a single determination of a pooled urine sample 
from five smokers and five nonsmokers each to re¬ 
duce the total number of determinations and, of course , 
the costs of the experiments. 

Exporimont 3 (Diot) 

After admission to the laboratory, eight healthy 
nonsmokers aged 20 to 38 years were put on a con¬ 
trolled diet low in PAH (potatoes, carrots, and beef) 
for two days, and on a diet rich in PAH (charcoal 1 
broiled meat, leafy vegetables, darkly roasted toast) 
for an additional two days. Throughout the four days, 
24 h urines were collected for OH-PHE determina¬ 
tion. 

Exporimont 4 (Workploeo) 

The samples were obtained from subjects studied 
by Jongeneelen (1987), who investigated PAH expo¬ 
sure by measuring l^hydroxypyrene in the workers’ 
urine. Spot urine samples from seven road paving 
workers and one wood cneosoting worker were ana¬ 
lyzed for OH-PHE. In brief, occupational exposure 
conditions and urine sampling procedures were as 
follows. For road paving: Hot blends of bitumen 
(140*0 were sprayed onto an existing road surface 
and covered by an excess of stone chips (chip seal¬ 
ing). The spraying vehicle was closely followed by a 
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chipper vehicle. The subjects included in this study 
worked close to the described sites. Only pre-work 
urine samples were available for two workers; and 
only post-work samples were available for another 
three workers for OH-PHE analysis. For wood creo- 
soring; One worker at a small wood preserving plant 
collected pre* and post-work spot urine samples dur¬ 
ing one week (Tuesday to Monday). From Tuesday to 
Friday wood was creosoted four times daily. On the 
following Monday five loads of wood were creo¬ 
soted. 

Analytical mathods 

Carbon monoxide, nitrogen oxides, formaldehyde, 
and nicotine in the room air during ETS exposure 
(experiment 2) were determined as described else¬ 
where: (Scherer et al. 1987). 

OH-PHE were extracted from urine by toluene after 
acid hydrolysis (2 N HCI, 2 b at boiling temperature) 
and chromatographed 1 on Sephadex LH 20. OH-PHE 
were quantified by gas chromatography (Perkin 
Elmer, Model Sigma 2B, fused silica column 
23 m x 0.32 mm, SE 34; temperature program: 110 to 
160*C at 10*C/min, followed by 160 to 28D*C at 
3*C/min and constant temperature at 280*C; helium 
flowrate: 30 cm/s; detector: FID; integrator: Spectra 
Physics). Details are described elsewhere (Grimmer 
and Dettbara 1987); Phenanthrene was extracted from 
homogenized food samples with cyclohexane after 
hydrolysis with methanolic KOH (10% KOH). Ex¬ 
tracts were filtered through silica gel to remove polar 
substances. After Sephadex LH 20 chromatography; 
phenanthrene was determined by gas chromatogra¬ 
phy under the same conditions as described for 
OH-PHE (Grimmer and BOhnke 1979). 

Creatinine in urine was determined photometri¬ 
cally as picrate according to the Jaffe method. 

RESULTS 

In the field study (experiment 1), smokers show 
slightly elevated OH-PHE excretions when compared 
to nonsmokers (Fig. 1); Neither for the single OH- 
PHE metabolites nor for the sum of these metabolites 
is the difference between the two groups statistically 
significant. A similar result was obtained for the 
smokers in experiment 2 (Fig. 2c). 

In the two exposure studies (experiment 2), the 
ETS concentration was equivalent to 10 itL/L CO and 1 
20 to 25 pL/L CO, respectively; the latter was unre¬ 
alistically high. The exposure levels are reflected by 
indoor air concentrations of NO, NO a , formaldehyde, 
and nicotine which amounted to 160 nL/L, 20 nL/L, 
40 Wfo\and 60 iig/m\ respectively; in the lOpL/L CO 


exposure regimen as compared to 310 oIl/L, 150 nL./L, 
SO jig/m’, and 120 pg/m\ respectively, ini the 25 
|iL/L CO exposure regimen. Carboxy hemoglobin in¬ 
creased by 0.7% in the “low” ETS exposure study and 
by 2.0% in the ‘‘high” ETS exposure study (for 
details see Scherer et al; 1987). Under both experi¬ 
mental conditions no change in OH-PHE excretion 
was observed (Fig. 2a and b); The two diets used in 
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Fig. 3. Uriatry ucrnioo of OH-PHE is aoniaokiii| tabjtcu m * diti differing in PAH 

cenunt (M t SD). 


experiment 3 differed significantly in PAH content. 
This is indicated by the phenanthrene concentration 
which was found to be 0.5 and 4.4 ug/kg for the low 
and high PAH diet, respectively. The subjects on the 
diet high in PAH excreted slightly more OH-PHE 
when compared to those on the diet low in PAH 
(Fig. 3). This difference is of borderline significance 

(p - 0.10)i 

Road paving and wood creosoting workers showed 
considerably higher amounts of OH-PHE in their 
urine when compared to the non-occupationally ex¬ 
posed subjects. The pre-work levels of ZOH-PHE 
were up to 15 times higher, whereas the post-work 
levelli were up to 200 times higher than those of the 
subjects in experiment 1, 2, and 3 (Fig, 4). In any 
case, the highest levels of OH-PHE in urine were 
always found to be post-shift. As for the creosote 
worker, only the pre-and post-shift values measured 
on Monday are shown; the values obtained during the 
week were even higher. 

DISCUSSION 

In our first experiment, we found a slight but 
insignificant increase in urinary OH-PHE excre¬ 


tion after smoking. This finding is in agreement with 
that of Jongeneelen et al. (1985) who used 1- 
hydroxypyrene, and that of Venier et ai, (1985) 
who used the reduction method for the determina¬ 
tion of OH-PHE as a biomarker for PAH exposure. 
In contrast to this, Becber and Bjoerseth (1983) 
reported significantly elevated excretion: of phen¬ 
anthrene and other PAH in smokers as compared'to 
nonsmokers when applying the reduction method! 
However, the same working group (Haugen et at. 
1986; Becber and Bjoerseth 1983) found no signif¬ 
icant difference in PAH excretion between occupa¬ 
tionally exposed nonsmokers and smokers. 

In our second experiment, no measurable increase 
in urinary OH-PHE excretion was observed after ETS 
exposure. Based on the estimates in Table 1, the 
phenanthrene Intake through ETS exposure would 
be about 1/50'of that through smoking. Obviously 
the increase in urinary OH-PHE is beyond 1 the sensi¬ 
tivity of our biomonitoring even under extremely 
high ETS exposure conditions (204^25 |tL/L CO for 
8 b). 

The observed elevation in urinary OH-PHE after a 
diet rich in PAH (experiment 3) is also in line with 
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the phenantbrene intike u estimated in Table 1. The 
increase was somewhat higher than that after amok* 
wg. but still statistically not significant which is 
probably due to the small number of subjects inves* 
tigated. Clearly elevated QH^PHE values were found 
» subjects exposed to high PAH concentrations at the 
workplace. Both the road paving workers and the 
creosoting worker exhibit up to 15 times higher pre- 
shift OH>PHE values in urine when compared to the 
occupationally nonexposed subjects. Post-shift val- 
ocs were up to 200 times higher. This is in line with 
findings of Jongeneelen (1987) who reported in¬ 


creased post-work urinary 1-hydroxypyrene excre¬ 
tions in the same workers. 

The high pre-shift values of OH-PHE observed 
even after work-free weekends indicate a slow termi¬ 
nal elimination rate of these compounds in phenan- 
throne-exposed workers. In contrast to this, the initial 
elimination phase is much faste r, lasti ng only about 
12 hours, as can be seen from the pre-shifi/post-shift 
fluctuations on consecutive days. These observations 
suggest that pbenanthrene and pyrene may accumu¬ 
late in the body of daily exposed subjects. 


Source: https:/ ndustrydocuments.ucsf.edu/docs/ltnx0000 
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Tabit 1. Estimated daily intake of pben an threat from different aoerca*. Tbt intake from 
urban air, ETS, and workplace ia calculated bated on a reiptraiory volume of 0.5 m7h. 


Source 

Concentration 

Intake 

Utban air*) 

2 n c/o 3 

0.001 pc It h 

lTS b > 

10 ng/n J 

0.04 pc/I h 

Saokln( c )' 

100 ng/cig 

2 pc/20 ciC 

Workplace 4 > •> 

2-90 pg/n? 

1-1*0 uc/B h 

Diot*> 

- 

1.2-10.6 pc 


a) Mauomoio and X as hi mot o (1985) 

b) Hosgtfvel-Pursiaioen et al. (1986) 

c) Grimmer at aL (1987) 

d) Haugen at al. (1986) 
a) Bjoerteth at al. (1978) 

O Tbti study; average daily food intake: 2.4 kg 


In occupstiontlly nonexposed persons the daily 
intake of phenanthrene from different sources may 
reach up to lOjig (Table 1). The amounts of XOH-PHE 
in the 24 h urine of these subjects range between 
1.2 and 6 \if (Figs. 1 to 3). A discrepancy between 
estimated daily intake and measured daily excretion 
of phenanthrene is obvious. Considering the fact that 
only a small fraction of phenanthrene is renally cleared 
as OH-PHE (Grimmer and Dettbarn 1987), the amount 
excreted in the urine appean much too high as com¬ 
pared with the amount taken in. The accumulation of 
this compound as discussed above might at least 
partly explain this discrepancy. Yet unknown sources 
of PAH exposure and analytical problems must be 
considered as well. 

In conclusion, our data show that ETS exposure 
does not lead to a measurable increase in urinary 
OH-PHE excretion, even if the ETS concentration is 
extraordinarily high and the exposure time unrealis¬ 
tically long. On the other hand smoking and a diet 
containing elevated levels of PAH appears to cause 
slight increases in OH-PHE excretion. A consider¬ 
able increase in OH-PHE excretion is observed in 
workers with high occupational PAH exposure. These 
Findings agree with estimated phenanthrene exposure 
levels from different sources. 

We do not know to what percentage the investi¬ 
gated metabolites are formed from the parent PAH 
and to what extent they are renally cleared. These 
limitations must be considered when interpreting the 
results. 

AtJMwiidim*nii t- 7b« aotbort wiab toihmk Dt P. J. Jongaoeelsa 
and hii co-worker*; University of Nijmegen, The Netherlands, for 


kindly supplying trine samples from occupationaUy exposed sub¬ 
jects And for fruitful discussion; and Mrs. Claire Hruby and Mrs. 
Ureal Stolue for their expert assistance in preparing the manu¬ 
script. 
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SUMMARY 


Urinary hydroxy-phenanthrene (HO-PHE) excretion in non-smokers exposed lo environmental tobac 
to smoke (LIS) is no* increased. There is no significant difference in HO-frill escretioo between 
smokers (S) and non-smoker* (NS). I hoof h excretion seems lo he slightly elc* a ted in smokers. A diet rich 
in polycyclic aromatic hydrocarbons leads to a rise in urinary HO-PIIL excretion .is compared to a diet 
low in polycyclic aromatic hydrocarbons (PAH). coming close lo significance IIO-PHI cscrclion is not 
correlated with the mutagenic activity in urine. 


INTRODUCTION 

PAH are though! lobe a major cause of lung cancer. In IM4, Bccher ct at. found 
a significantly higher PAH excretion in the urine of S ax compared lo NS. the dir 
fcrence being most evident with regard to PHE |l). The authors measured various 

• Presented at the International Experimental Toxicology Symposium on P»s\he Smoking. (Xtober 
2V2S. I9M. Essen (l ; .R <».). 

••To whom correspondence and reprint requests should he addressed. 

Abbreviations: ETS. environmental tobacco smoke: HO-PHF.. hydrosv-phcnanlbrencs; NS. non- 
smokers; PAH. polycyclic aromatic hydrocarbons; PHE, phrnanthrrnc; S. smokers 
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PAH compounds in urine before and arter reduction of the PAII metabolite*. The 
recovery rate for PIIP. was rather low. In our study the hydroxylalcd metabolite* 
or PHI* were directly determined. In the following we w ill report on ItO-PIIE excre¬ 
tion found in NS before and a Tier exposure to ETS, in S, and in subject* on diet* 
differing in PAH content*. 

SUBJECTS AND METHODS 

Experiment / 

Two groups, each consisting of 5 healthy NS and 5 healthy S were put on a con¬ 
trolled diet. During the first day after admission (control day) the subject* stayed 
in an experimental room (45 m\ 2 ppm CO, 15-20 pg/m' nicotine) for 8 h. Smoking 
was not allowed. On the second day (exposure day) non-smoker* of each group were 
exposed to ETS (100 cigarettes, 22-27 ppm CO. lOO-lftOfig/in' nicotine) in the same 
room again for 8 h. ETS was produced by smokers smoking 100 cigarettes during 
exposure time. Blood samples were drawn before and after each session for COI lb 
and cotininc determination. 24-h urines were collected for cotininc determination, 
HO-PHE were measured in pooled 24 h urine aliquots from each group. 

Experiment 2 

6 healthy NS and 6 healthy S (25-44 cigarcttcs/day) collected their 24-h urine* in 
their normal environment. For the determination of cotininc, blood samples were 
drawn Trom the subjects when returning their urine bottles. Cotininc and HO-PHE 
were measured in the urine. 

Experiment 3 

After admission to the laboratory, 8 healthy non-smokers were put on a diet low 
In PAH for 2 days, and on a diet rich in PAH for a further 2 days. Throughout 
the 4 days the 24-h urines were collected and analysed for HO-PHE and mutagenic 
activity. 

Methods 

CO was continuously recorded on a CO analyzer (Model 8310, Monitor Labs 
Inc., U.S.A.). Nicotine was analysed by capillary gas chromatography |2f. COHb 
was quantified using a CO-Oximcler (Model 182, Instrumentation Laboratories 
Ltd.). Cotininc in serum and urine was measured by radioimmunoassay |3|. IIO- 
PHC i" urine were quantified by gas chromatography (Perkin Elmer, Model Sigma 
2B, fused silica column 25 m x 0.32 mm, SE 54; temperature programme: 

II0-I60*C/I0*C per min, followed by I60-280*C/3*C per min, constant 
temperature 280*C; helium flow rale: 30 cm/s; integrator: Spectra Physics |4|. 
kalmoneih fyphimurittm was used Tor urinary mutagenicity testing (TA98 + S9 
^rom Aroclor-treated rats) 15, 6|. Analyses in urine were carried out in coded 
samples under blind conditions. 

92CT8CC20Z 


Kl SUITS 


The results of Exp. 1 arc shown in Table I. On the expnsme day a significant live 
in COI lb and serum cotininc was observed in S and NS, whereas ! IO-PI II : excretion 
did not vary between control day and exposure day. Essentially, S differed from NS 
by an elevated cotininc level in scrum and in urine. However, no differences were 
round between S and NS in terms of their urinary HO-PHE excretion. 

To check the validity of our results, a Second experiment was carried out. The 
results arc summarized in Table II. The excretion of individual HO-PHE 
metabolites as well as the total excretion of HO-PHE tended to increase in S as 
against NS. On the other hand, the mean volume of the 24-h urine in S wa* by about 
18% higher than in NS (1335.0 ± 664.8 vs. 1095 ± 377.2). Since there i* a Mguiti 
cant correlation between urine volume and HO-PIIE excretion (r 0.7; P ^ 0,01) 
(he weak increase in IIO-PHE excretion in smokers might partly be due to then 
elevated urinary volume. 

In a third experiment we investigated the effect of a diet differing in PAH con¬ 
tents. The IIO-PHE excretion as well as the mutagenic act is it v in urine rose atter 
changing from a low- to a high-PAH diet. 1 he increase in IIO-PHE was ol 
borderline significance (Fig. I). The rises in IIO-PHE. excretion and mutagenic ac¬ 
tivity were not correlated. 

DISCUSSION 

We conclude from our study that the contribution of ETS and even of cigarette 
smoking to urinary HO-PHE excretion is small, while diet accounts Tor it to a larger 
extent. If we assume that IIO-PHE in the urine or S is a general indicator or other 
PAH metabolite*, our data are in line with those of Venier cl al. |7|, but in contrast 
to those reported by Beefier ct at. |l|. Michels and Finbrod! |8| come to the same 
conclusion as that reached by Venier et al. (7| and by us; however, their values for 




1 ? 3 4 Day : ? .14 \\u 

lip. I. HO-PIII 7 exaction in * subject* on a diet low in PAH ttlny* I ami 1) .inti b*fb in PAII 
.1 ami 41 la) ami ihc urinary muiapenicily in live same Mihjcti* Data an* pit Muictl a* box pU.iv lm 
explanation see |lt| ll xpcnmcm .1). 
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urinary PAM excretion appear to he extraordinarily high. In addition, we fotiml 
tmtiapcnte activity not to tic correlated with urinary 110-1*111 • excretion. Our data 
support the finding* of Venier ct al., who did not observe a relationship between 
urinary PAM excretion and mutagenic activity in urine |7j. 

According to Mtisgafvel-Purxiaiucn et al. |9|. the quantity of PHI: inhaled durine 
an 8-h day may reach 0.04 gg (10 ng PMP/m 1 x4 mV8 h). A smoker of 20 cigarettes 
per day may inhale up to 2pg PMC 110). The intake of PIIC front the diet may varv 
from 1.2 to 10.6 pg per day depending on'lhc PAM content (llocpfncr ct al.. nn- 
published data). The daily urinary MO-PI IE excretion of up to 6 pg as found in our 
study can thus hardly be explained in terms of PMI : . intake from smoking and diet 
only. When we come to interpret our findings, still unknown metabolic processes 
as well as methodological problems have to be discussed. 

A(kNO\VLIilX*f:MI ; NT8 

The authors wish to thank Dr. G. Henze, Mrs. C. Mrubv and Ms. C. Vollcrt for 
invaluable assistance in preparing the manuscript. 
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Using Urinary Hydroxyproline 

H. Kasuga 


Summary 


The indicators used to identify the effects of environmental tobacco smoke (ETS) and 
exposure to low level nitrogen dioxide (NOj) on the respiratory system are so weak that ^ 
they can not be detected using traditional markers such as the increased prevalence of? ; 
respiratory symptoms and a decrease in lung function. After studying urinary hydroxyp* , 7 
roline (HOP) starting in 1977, we first reported the significant relationship between HOP. 
and smoking, ETS and N0 2 in the air, in 1981. Since then, the coherent associating 
between urinary HOP and the established pathological and biological development op? 
lung diseases has been studied. Bias problems based on confounding factors, misclassifi- 
cation of nonsmokers and! over- or underestimation of ETS effects also have been 
discussed. 

Among articles presented by us during the past 4 years, several papers and some 
arguments for and against this study on urinary HOP were introduced: 

1) The effect of cessation from smoking on the urinary excretion of hydroxyproline [19). 

2) A prospective repeated cross-sectional study on the possible health effects caused by 
automobile exhaust and passive smoking [20]. 

3) Impact of smoking on the concentration and activity of alpha-1-antitripsin in serum, 
in relation to the urinary excretion of hydroxyproline. Matsuki H; Kasuga H et al., 
1988. 

4) Behavior of urinary hydroxyproline and effect of cigarette smoking in silicosis. Osaka 
F, Kasuga H, Matsuki H et ah, 1985: 

5) Opinions contrary to the relationship between urinary hydroxyproline and smoking, 
ETS and N0 2 . 


Introduction 


Hydtoxyproline (HOP)lis one of the essential constituents in collagen and elastine and is 
an unique one which is not found in other tissues. Therefore, urinary HOP is regarded to 




environmental tobacco smoke (ETS). *Jji 

As is generally known^ the index symptom such as "a persistent cough and phlegm* 
based on the BMRC Questionnaire! 1 ] is used frequently as a clinical marker, but it is not 


applicable for ETS effects because prevailing concentrations of ETS are estimated to be 
less than 1 % of an undiluted mixture of sidestream and second-hand mainstream smoke. 


Therefore, urinary HOP as a biochemical marker for ETS effects appeared on the stage, 
and a causal relationship between smoking including ETS and its health effect was 


B- Kisuga (Ed.) Indoor Air Quality 
C SpringeivVerUg. Berlin Heidelberg 1990 
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reported by Matsuki et a], [2] in 1981. However, some confounding factors which 7 

influence the excretion of HOP into urine have been found. Accordingly, it is very ( 

important to control these factors, including growth and age [3]i disorders in hormone 
secretion, various collagen osises, outdoor or indoor air pollution with nitrogen dioxide ' 

(NOJ, pregnancy, and abnormalities in collagen metabolism in other sites than the lung, 

For details on this problem; we refer to our reports [4-9] so far; our method for HOP ( 

analysis [10] is recorded in the manual [11] for passive smoking, IARC, WHO, 1987, Our 1 

improved method is suitable for routine determination of HOP in urine at concentrations I 


| up to at least 400 ng/ml. The limit of detection is about 50 ng/ml. The autoanalyzer can ) 

j handle 40 samples per hour. It is very difficult to obtain 24-h urine samples from many 

j individuals, but the ratio of hydroxyproline to creatinine in a spot urine samplfc, 1 

j particularly collected after fasting, is representative for the quantity of hydroxyproline in 

24-h urine. Determination of urinary creatinine is performed routinely. t 

The amount of HOP excreted in urine is affected by the gelatin content of food, except 1 

in case of urine collected after fasting. Even if gelatin is ingested the day before urine 1 

! sampling, its influence on urine HOP can be avoided by discarding the urine collected in 

1 the early morning after a 10-12-h overnight fast and collecting a fasting urine sample 2 h 

later. 

As the flrst step of the study on smoking effects, it is necessary to classify the selected 
subjects according to the amount of exposure to cigarette smoke, directly or indirectly. In 
case of smokers, they can report their own smoking habits in the response to the question 
by means of interview and questionnaire. But in ordtr to express the personal exposure 
> levels to ETS for non-smokers, we are forced to ask for the smoking habits of potential 

smokers who supply the ETS: Since such answers are apt to be biased it may cause 
mi$cla5$iiication of the non-smoking subjects. Therefore, some biochemical markers 
have been used to assess the exposure to cigarette smoke including ETS. Among them, 
urinary cotinine has shown to be the most reliable marker for active and passive smoking. 

Blit it is not always easy to use this complicated measurement for hundreds or thousands 
of subjects in epidemiologic surveys. Therefore, a new questionnaire [12] I has been 
developed. The questions in the old questionnaire were revised and enlarged by inserting 
only a phrase “How many cigaretts did you smoke in the presence of non-smoking spouse 
and child at home a day?". This new questionnaire showed a significantly high correlation 
between urinary cotinine levels and the number of cigaretts smoked in the presence of 
nonsmokers [12] (Table 1). 

On the other hand, it may be necessary to use much more detailed questionnaires for 
i studying the relationship between ETS and lung cancer, as Dr. Wynder mentioned. The 

interview with such a questionnaire is now used in an international survey sponsored by 
the IARC [13], to provide information on past and current active and passive smoking 
status. This troublesome questionnaire with as many as 20 sheets may be needed for 
studying lung cancer because it has been suggested that exposure to cigarette smoke 
during childhood may cause lung cancer later in life, and its incubation period may be 
more than ten years. 

Since our study using urinary HOP aims at detecting predinical signs of COLD 
(chronic obstructive lung diseases) except asthma, it may be possible to abbreviate most 
of the question sheets. In an actual epidemiological survey, it may be a practical way to 
examine all the subjects with such an improved qpestionnaire, and to check for report 
* bias by measuring urinary cotinine. Originally the ETS effect is so weak that we can not 
always obtain a significant result according to circumstances, e g. studies carried out by 
Verplanke et ai. [14] in Holland and by Matsuki et al. [15] on Chinese women in Hong 
Kong were unsuccessful. So, h is necessary to use a sufficient number of subjects on 



2023381329 







Ad Introduction to the Study of Smoking Using Urinary Hydroxyproline 39 


Table 1. Correlation coefficients among urinary cotinine level and involuntary smoking (From 
[23]) 


Winter 

Child Co/CR 

Mot. Co/CR 

Farm Cig/day 

Fam. Cigkouse/day 

Child Co/CR 

_ 

0 . 396 * 

0 . 494 * • 

0 . 626 ** 

Mot. Co/CR 

- 

- 

0 . 799 ** 

0 . 820 ** 

Fam. Cig/day 

- 

- 

- 

0 . 851 ** 

Fam. Cig bouse/day 

- 

- 

- 

-■ 

Summer 

Child Co/CR 

Mot Co/CR 

Fam. Cig/day Fam. Cig bouse/day 

Child Co/CR 

_ . 

0.250 

0 . 389 * 

0 . 526 ** 

Moti Co/CR 

- 

- 

0 . 426 * 

0 . 730 ** 

Fam. Cig/day 

- 

- 

- 

0 . 834 ** 

Fam. Cig bouse/day 

- 

- 

- 

- 


•'p<0.05, •• p<0.01 

Remarks: Child Co/CR: Cotinine to creatinine ratio in children, Mot. Co/CR: Cotinine to 
creatinine ratio in mothers, Fam. Cig/day: Familial smoking per day at home, Fam. Cig house/ 
day: Familial smoking at home per day in the presence of non*smokers 


FIfc,l* Seasonal variation of 
urinary hydroxyproline to 
creatinine ratio 



Smoking habits of husband or mothers 


condition that each bias and confounding factor is under control, god to find a potential 
internal and external consistent trend by a prospective way, even though each association 
in the subgroup is weak. Several interventional studies [16-18] with rodents were 
conducted recently for smoking effects but these ended in failure to show an increase in 
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Fig. 2. Passive smoking effects 
with HOP-ratio by distance from 
heavy traffic road 
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urinary HOP. It seems that a major part of the failure can be ascribed to a defective 
experimental plan using the short term exposure with low4evel ETS. Furthermore, 
nonsmoking workers are exposed to ETS at offices frequently but measurement of ETS 
at offices is more difficult than at home. Therefore, at present it may be advisable to select 
non-smoking, non-working, housewives and schoolchildren as the study subjects. And 
such an investigation carried out in summer time may be a problem that requires careful 
consideration because the high level ETS is hard to be formed due to well-ventilation at 
home in summer [4] (Figs. 1, 2). On the contrary, health effects induced by N0 2 in 
automobile exhaust should be measured in a summer period because they are masked by 
higher levels of indoor air pollution which often results from kitchen and space heating in 
the winter season. 

In conclusion, although we have made a gratifying progress in this field, there still 
remains much to be done. Opinions presented so far may be summarized in some studies 
conducted during four years after the review [9] on this problem stated 1 at the 
International Symposium on Effects of Indoor Air Pollution with Special Reference tD 
Nitrogen Oxides and Smoking sponsored by Tokai University and WHO, in 1984; as 
follows. 


The Effect of Cessation from Smoking on the Urinary Excretion 
of Hydroxyproline [19] 

The increased urinary HOP levels due to smoking decrease with time, after discontinua¬ 
tion of smoking, and approached to the lower levels found among non-smokers. This 
observation must be useful for supporting the positive dose-effect relationship between 
urinary HOP and smoking. Furthermore, it is important from a public health and 
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Fig. 3. HOP-ratio of a smoking 
cessation clinic group and a fath* 
en group of schoolchildren in the 
same area; • ■+ Smoking cess¬ 

ation clinic group (just after cess¬ 
ation); N: 49; Age: 49.0 A control 
(non-5) group; N; 6; Age: 30.7 
O—O father group; Ni 345, 
Age: 42.3 
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Fig, 4. Arithmetic means of 
HOP-ratio by amount of 
cigarette smoking after 
cessation from smoking; 

■-*41 rig./day; 
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Tabic2. Calculated proportional and rate constant, correlation and time to reach non-smokers 
HOP*ratio levels for each group of ex-smokers 


Ex-ttnoking 

(cig./dty) 

k (week) 

InA 

r 

No. 

Time (weeks) 

1-10 

-0.0731 

2.279 

0431** 

4 

611 

11-20 

-00673 

2.630 

0,613— 

17 

73 

21-30 

-0.0754 

2.821 

0.611*** 

11 

6B 

31-40 

-0.0709 

2.925 

0.819?** 

10 

74 

41- 

-0.0429 

1853 

0.391** 

7 

120 


•• p<0.01; ••* p< 0.001 

model: In (QrCo) = InA-41 kt*+e, 

where C< is the HOP-ratio of Kb sample, ti»the time (week) of the i*th sample, e, is the error of the 
Kh sample and has a normal distribution with mean 0 and a variance o 3 , Co is the mean HOP-ratio 
valtie of the non-smokers 

pathogenic point of view, to determine the time course of recovery from the increased 
HOP-ratio. That is* this study was carried out with the object of bringing out a coherent 
association between urinary HOP and smoking and a consistence of availability of 
urinary HOP as marker. 

The effect of cessation from smoking was assessed in 49 smokers who participated in 
an anti-smoking course using the urinary HOP: creatinine ration (HOP-ratio). Urine 
samples were collected daily at the beginning of the course for five days and during the 
subsequent 14 weeks, two times a week. The subjects were divided into five groups 
depending on the number of cigarettes smoked daily before cessation: 1-10,11-20* 21- 
30, 31-40 and >41 cigarettes. The urinary HOP-ratio immediately after cessation of 
smoking was proportional to the mean daily number of cigarettes smoked in the past. 
This result was in agreement with that of a similar survey undertaken in adiilt men, in the 
same district in the same year (Fig. 3) f All subgroups showed decreasing HOP-ratios with 
an increasing period of abstinence. Half of the total observed decrease in the HOP-ratio 
after the 14 weeks was reached within 5 or 6 weeks (Fig. 4). When using the Brinkman 
Index to adjust for the number of smoking years, half of the maximum decrease in all 
subgroups was reached within four weeks. In an exponential decay model fitted to the 
data (Table 2), the halflife time to reach the non-smokers urinary HOP levels was nine to 
ten i weeks for all subgroups. And it was estimated that the HOP levels of smokers who 
smoked less than 41 cigarettes before cessation reached the HOP levels of the control 
group after 61-74 weeks. The period needed for the most heavy smokers subgroup was 
estimated to be 120 weeks. The results suggest that the urinary HOP-ratio is useful as a 
biochemical marker for the short-term breakdown of lung collagen and lung elastic. 


Influence of Automobile Exhaust and ETS (Environmental Tobacco Smoke) 
in Areas Alongside Main Road [20]| 

This present study is a critical assessment of the effects on health of ETS and N0 2 
generated from main roads. A hydroxyprolineicreatinine ratio (HOP-ratio) was used as 
the representative measure of the health effects. The associations between the HOP-ratio 
and ETS, and the HOP-ratio and low concentration N0 2 are essentially very weak; for 
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Fig* 5. Distribution of HOP-ratio by are* in non-passive smoker* 
Remarks; Area I: within 50 m from roadside. 

Area II: 51-100 m from roadside. 

Area III: over 101 ro from roadside 


this reason, being able to control the confounding factors and their resulting bias was a 
major priority in the study. In order to ascertain the consistency and strength of these 
associations and coherence of the evidence repeated cross-sectional study was performed 
each year in May over an eight-year period from 1977 to 1984.4,375 schoolchildren from 
F primary school area acted as subjects for the study. The school area was a typical urban 
residential area adjoined by main roads with a daily traffic of 3,000 vehicles or more such 
as C highway, but excepting these, it was a typical residential area with no other 
significant NQ 2 generating sources as large-scale factories. The area was divided into 
three according to the distance from the main roads. (Area I: areas within 50m from the 
roadside. Area II: within 50-100 m. Area III: over 101 m.) Subjects were divided in four 
groups according to levels of ETS exposure through passive smoking in the home, which 
were represented by the number of cigarettes smoked per day at home, by all members of 
the family, (NPS group: non-passive smoking, LPS group: 1-10 cig./day, MPS group: 

11-20 cig./day, HP5 group: 21 or more cig./day). 

The association between ETS and the HOP-ratio was investigated as that of pupils 
living in Area III which was free of any direct influence from automobile exhaust 
diffusion. The area and HOP-ratio association was observed using the NPS group which 
was free of ETS influence. 

1) The HOP-ratio increased !as the level of ETS exposure increased and was greatest in 

schoolchildren who lived in the area nearest the main roads. The strength of the 
association was considered statistically significant based on the magnitude of the Q* 
HOP-ratio, the correlation coefficient, a two-way layout and relative risk. This, with © 

the coherence of the measurements for each area in each year, seemed to suggest 4W 

without exception a strong causal relation. The influence of ETS and area distinctions CO 

on the HOP-ratio were totally independent and showed virtually no interaction. CO 

2) Lowered ventilation rates in the winter heating period tended to produce high levels of GO 
NO, indoor air pollution and often overrode the influence of the roadt (according to 

CO 
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Tabic 3. Annual trend of HOP-ratio by ETS and by area 

Area Year N-PS L-PS 


M-PS 


H-PS 


Total 

N Mean S.D. N Mean 

S.D. 

N Mean 

S.D. 

N Mean 

S.D. 

N Mean S.D. 


1977 

30 114.86" 

9.44 

16 119.24" 

8.85 

25 124.55" 

7.59 

27 133.61" 

9.50 

98 123.21 

11.57 

1978 

33 115.68" 

8.24 

13 116.84" 

11.13 

22 12707.*.* 

7.61 

22 130.72!! 

13.69 

90 122.31 

12.08 

1979 

44 110.79" 

7.71 

21 117.61" 

4.67 

22 121.58" 

5.32 

17 122.22.*! 

5.64 

104 116.32 

8.10 

1980 

16 101.73" 

13.63 

8 112.85" 

17.88 

16 114.67" 

12.94 

13 119.32! 

21.86 

53 111.63 

17.87 

1981 

19 108.06" 

13.14 

7 112.42" 

19.95 

22 114.91" 

12.69 

32 122.91!! 

14.71 

80 116.26 

15.56 

1982 

20 108.56" 

11.46 

6 116.26" 

5.77 

17 115.18" 

9.37 

16 116.41* 

7.42 

59 113.38 

10.01 

1983 

35 106.34* 

5.38 

12 107.94' 

5.36 

21 111.06.'.* 

5.10 

20 115.45!! 

6.37 

88 109.76 

6.61 

1984 

28 96.90* 

11.64 

12 102.82* 

7.48 

24 103.40* 

12.56 

16 106.37! 

11.76 

80 101.63 

12.01 

Total 

225 108.55 

9.73 

95 113.82 

10.25 

169 116.68 

9.57 

163 122.20 

12.21 

652 114.84 

11.840 

1977 

27 106.54" 

9.06 

23 111.30 

8.98 

23 124.77.*! 

16.02 

19 125.66!! 

5.59 

92 116.23 

10.78 

1978 

39 108.21" 

955 

23 113.5255 

3.57 

16 118.24!! 

5.24 

12 127.45!! 

9.99 

77 113.98 

10.87 

1979 

48 104.85" 

4.22 

12 111.37” 

3.63 

17 111.25!! 

4.11 

16 119.31!! 

5.31 

93 109.35 

6.89 

1980 

22 97.16" 

10.41 

6 98.51 

17.23 

16 105.28 

14.68 

II 112.27” 

19.54 

55 102.69 

15.87 

1981 

30 97.39" 

12.30 

11 101.02 

13.89 

23 103.65 

20.06 

17 108.18* 

19.96 

81 101.93 

17.23 

1982 

6 106.08" 

6.27 

2 103.02 

2.57 

5 106.16 

4.81 

6 106.00 

7,8! 

19 105.75 

6.22 

1983 

43 100.49" 

6.24 

25 101.46 

6.94 

32 104.51!! 

4.63 

22 106.41!. 

4.38 

122 102.81 

5.74 

1984 

44 97.19** 

11.26 

13 100.86 

6.84 

13 109.40!* 

13.45 

23 106.05! 

9.00 

93 101.60 

11.60 

Total 

259 102.02 

9.03 

102 105.76 

8.83 

145 110.47 

12.50 

126 113.62 

11.27 

632 106.88 

11.22 
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1977 

198 

98.06 

10.94 

79 

108.18** 

9.33 

71 

II0.5I** 

9.09 

36 114.62** 

7.63 

384 

104.00 

10.03 

1978 

372 

91.75 

14.12 

93 

97.93** 

13.54 

107 

103.64** 

7.77 

61 

109.69** 

9.77 

633 

97.00 

14.23 

1979 

185 

98.44 

6.12 

50 

98.42 

5.14 

64 

102.17** 

4.74 

43 

111.15** 

3.89 

342 

100.73 

6.92 


180 

84.01 

14.77 

45 

89.31* 

13.19 

52 

100.93** 

11.7! 

60 

109.23** 

14.36 

337 

91.82 

17.26 

1981 

311 

86.19 

10.09 

109 

94.51** 

10.93 

131 

97.50** 

15.70 

107 

100.43** 

17.53 

658 

92.14 

14.19 

1982 

126 

92.03 

7.93 

24 

98.20** 

7.36 

28 

108.30** 

4.90 

29 

111.59** 

7.49 

207 

97.69 

10.84 

1983 

140 

94.28 

9.83 

59 

98.87** 

6.09 

66 

100.91** 

5.70 

60 

103.38** 

5.80 

325 

98.14 

8.62 

1984 

115 

91.18 

11.77 

32 

97.00* • 

8.64 

30 

95.37 

13.57 

28 

98.79** 

10.38 

205 

93.74 

11.84 

Total 

1627 

91.56 

11.45 

491 

98.15 

10.30 

549 

102.09 

10.59 

424 

106.37 

11.96 

3091 

96.51 

12.64 

1977 

255 

100.94 

12.02 

118 

110.29** 

9.93 

119 

116.21** 

12.62 

82 

123.43** 

11.48 

574 

109.24 

11.69 

1978 

444 

94.97 

15.37 

116 

I0I.39** 

14.52 

145 

108.80** 

11.68 

95 

116.81** 

14.45 

800 

101.00 

16.50 

1979 

277 

101.51 

7.71 

83 

105.15** 

9.77 

103 

107.81** 

9.22 

76 

115.35** 

6.74 

539 

105.23 

9.53 

1980 

218 

86.64 

15 44 

59 

93.44** 

16.60 

84 

104.38** 

13.62 

84 

III.19** 

16.86 

445 

95.52 

18.50 

1981 

360 

88.28 

11.87 

127 

9606** 

12.66 

176 

100.48** 

17.03 

156 

105.89** 

19.47 

819 

95.46 

16.44 

1982 

152 

94.76 

10.35 

32 

101.88** 

9.81 

50 

110.43** 

7.59 

51 

112.44** 

8.16 

285 

101.47 

12.23 

1983 

218 

97.44 

9.76 

96 

100.68** 

6.91 

119 

103.67** 

6.51 

102 

106.40** 

7.30 

535 

101.12 

8.19 

1984 

187 

93.45 

11.98 

57 

99.10** 

8.40 

67 

100.97** 

14.28 

67 

103.09** 

10.91 

378 

97.34 

12.45 

Total 

2111 

94.65 

12.41 

688 

101.44 

11.59 

9 ©' 

oo 

106.36 

12.55 

713 

111.27 

13.72 

4375 

100.74 

13.99 


Remarks: N-PS: no smokers in Ibe family, L-PS: smokers with 1-10 cig./day at home, M-PS: smokers with 11-20 eig./day at home, H-PS smokers with 
more than 21 cig./day at home. 

Compared non-passive smoking group with each passive smoking group. * p<0.05, •• p<0.0l. 

Compared III group (over 101 m from roadside) with I (within 50 m) and II (51-100 m) group. # p<0.05, #» pCO.Ot. 
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Fig. 6. R.R: of ETS and automobile exhaust (1977-1984). 

Remarks: I: within 50 m from roadside, lit 51-100 ro from roadside, III: over 101 m from roadside. 

N-PS: no smokers in the family, LrPS: smokers with 1-10 rig./day at home, M-PS: 
smokers with 11-20 cig./day at home, N-PS: smokers with more than 21 cig./day at 
home 



Fig. 7. HOP-ratio of ETS and automobile exhaust (1977-1984) 


filterbadge measurements of NOj exposure kvels)j In addition, this not only 
eliminated difference in HOP-ratios according to area distinction but also produced 
the indoor ETS and increased ETS exposure opportunities as evidenced by the urine 
cotinine levels measured. It thus became dear that the survey of ETS and area 
distinction influence would have to be conducted during the summer months. 

3) In ordterto control any bias* all pupils were subjected to a prior medical check-up and 
those with any confounding factors in HOP-ratios were eliminated from the study. 
However, the changes in patterns of indoor smoking from 1980 onwards were not 
sufficiently accounted for by the former interview and questionnaire surveys so we 
introduced an additional bias, namely misdassification of pupils. Subsequently, 
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the possibility to cause underestimation of ETS influence was suggested* thereby 
establishing the need for a revision of the relevant questionnaires. 

However, we cannot offer any conclusion on the possibility that these changes in the 
HOP-ratios may in the future have morbid effects to cause the development of chronic 
bronchitis, or emphysema of the lungs. 


1 Impact of Smoking on the Concentration and Activity of Alpha-1-Antitrypsin 
in Serum in Relation to the Urinary Excretion of Hydroxyproline [21] 

This study aims at assessing the coherent association between smoking and urinary HOP, 

! in the light of the “protease and antiprotease balance theory" by Eriksson. Alpha-1- 

antitrypsin (a ]r AT) is the most important inhibitor of proteases in human serum and is 
essential in preventing autodigestion of the hing by inhibiting elastase and collagenase. 
Oxidation renders this inhibitor inactive. Cigarette smoke contains many potent oxidants 
I which can reduce the functional activity of aj r AT and turn the existing balance with lung 

proteases into an imbalance resulting in the degradation of connective tissue in the lung, 
p The data suggest that active smoking has significant impact on the concentration and 

1 activity of a r AT in serum as well as on the urinary excretion of HOP. The data 

| concerning passive smoking reveal less consistent results, except for the urinary excretion 

! of HOP (Fig* 8) t 

I The impact of active and passive smoking on the serum levels of a r AT, the trypsin 

! inhibitory capacity (TIC), the trypsin inhibitory activity (TIA) and the urinary 

t hydroxyproline to creatinine ratio (HOP-ratio) was studied. The subjects used in the 
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Fig.S. Serum ai-antitrypsin concentration 
in active and passive smokers; ••pO.Ol: 
compared with non-smokers or non-passive 
smokers 
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Fig. 9. Trypsin inhibitory capacity 
in active and passive smokers; 

••p<0.01: compared with non- 
smokers or non-passive smokers 
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Fife* 11. Urinary hydroxyproline to 
creatinine ratio in active and passive 
smokers; ••p<0.01 :compared with 
non-imoken or non-passive smoken 


study on active smoking were 167 healthy adiiit men and in the study on passive smoking 
189 healthy primary school children. Serum levels of a r AT in active smokers were 
significantly higher than those in non-smokers (Fig. 8). The TIC as well as the T1A in 
active smokers decreased with increasing number of cigarettes smoked (Figs. 9; 10). The 
urinary HOP-ratio increased significantly with increasing number of cigarettes smoked. 
On the other hand; in the case of passive smokers a significant difference was obtained 
only for the HOP-ratio. The associations between all markers in active smokers were 
significant. Less strong associations were found in the case of passive smokers (Fig. 11). 
These results suggest that the urinary excretion of hydroxyproline can be considered as a 
marker for the imbalance between proteases and antiproteases as a result of smoking. 


Behavior of Urinary Hydroxyproline and Cigarette Smoking Effect 
in Silicosis [22] 

It is common knowledge that symptoms of pneumoconiosis deteriorate rapidly with 
smoking. But many problems, demanding solutions from a viewpoint of epidemiology, 
still lie before us. It seems that the behavior of urinary HOP holds the key for them. 

This study was conducted through regular pneumoconiosis examination according to 
the law on 1,096 employees of medium and small-sized ceramic enterprises in the Tokai 
district in 1981-82. 

Interview examination with the BMRC questionnaire, X-ray examination and 
measurements of the urinary hydroxyproline to creatinine ratio (HOP-ratio) were carried 
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Fig. 12; Relations between urinary HOP- 
ratio and smoking or grade with X-ray 
photo. Grade with X-ray photo: 0,0;#, 
1-4 


Fig. 13. Relations between urinary HOP 
and smoking or grade with X-ray photo. 
O, non-smokers; •, smokers 
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Fig. 14. Turning point of HOP-ratio by grade with X-ray photo. O, without symptoms; •, with 
symptoms 
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out in order to elucidate the relationship between silicosis and urinary HOP-ratio and 
to demonstrate the effect of smoking on pneumofibrosis. The grades of silicosis were 
classified into five types (0 to 4) with increasing severity of the symptoms based on the 
Japanese Classification of Radiographs of Pneumoconioses. Index symptoms of 
respiratory diseases were recorded using BMRC questionnaire [9]. In healthy subjects 
(type 0), the urinary HOP-ratio increased with the number of cigarettes smoked 
(Fig. 12). 

In smokers, the collhgen metabolism was rapidly repressed and fibroplastic condi¬ 
tions developed, although smoking itself did not seem to induce pneumofibrosis. 

In the nonrsmoking group, the HOP-ratio was the lowest in type 0 and it increased in 
the order of type 1 and 1 The turning point was at type 2 and the HOP decreased type 3 
and 4, by turns (Fig. 13). Further analysis of the data showed that the turning point for 
non-smokers without index symptoms was found at type 3, whilst the turning point for 
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non-smokers with index symptoms was at type I (Fig. 14). Shifting of the turning point 
suggests that index symptoms also promote fibroplastic activities. 


Contrary Opinions Against the Relhtionship Between Urinary HOP 
and Smoking, El'S and N0 2 

Intervention Studies 

Intervention studies of urinary HOP levels in rodents were conducted by Mulienae et al. 
[16], Read and Thornton [17] and Higashi et al. [18]. These studies were generally 
performed using an extreme short exposure term combined with an extreme small 
number of subjects, and they ended in failure to show a positive result. 

If an exposure level of N0 2 as in actual air pollution is used, a prolonged exposure 
experiment with numerous subjects shall be needed from a pathological viewpoint. In 
addition to our study, Mizoguchi and Yoshida [23] also reported in 1986 that urinary 
HOP-ratios in schoolchildren living in three areas with different ambient N0 2 
concentrations in Tokyo increased with the NO 2 concentration. 

Opinions Presented by Adlkofer [24, 25] 

1) Adlkofer stated in 1983 as follows: even though smoking was originally regardless of 
the HOP excretion, the HOP: creatinine ratio increased with smoking because the 
creatinine excretion was positively correlated with the number of cigarettes smoked. 

2) He raised another objection to our studies in 1987, 

- The urine volume in smokers was larger than that in non-smokers. 

- HOP excreted into urine was reabsorbed Ito some extent but tubular rcabsorption 
of HOP was interfered by the increasing urine flow. 

- In contrast with HOP, urinary creatinine was not reabsorbed at all. Therefore, he 
concluded that the HOP; creatinine ratios in smokers were higher, irrelevant to the 
higher HOP excretion. 

3) In the same paper, he stated as follows; HOP in 24 h urine of smokers was found to be 
larger than that in non-smokers, but after standardizing for body surface, the urinary 
HOP excretion was almost completely unaffected by tobacco uptake. 

Answers 

1) If his opinion was right, it would be impossible to apply the cotinine ratio in random 
urine as a substitute of cotinine in 24-h urine. It is not too much to say that the 
usefulness of urinary cotinine: creatinine ratio was established by the report on 
involuntary smoking by Surgeon General U.S.A. in 1986 [28]. Urinary HOP: 
creatinine ratio which was developed in the 1960 s by Allison et al. [26] and Whitehead 
[27] is prevailing now in the field of epidemiology, and it was also included in the 
manual on passive smoking, IARC, in 1987. 

2) His syllogistic conclusion does not seem to be supported with high reliability and; 
consistency. The possibility of his opinions is only very slight. 

3) Excretion of HOP decreases with aging, and body surface increases with aging [3]. In 
conclusion, I think that there is no need to adjust for body surface, in this case but, it is 
necessary to adjust for growth or age. 
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Summary 

The urinary hydroxyproline/creatinine ratio was reported to be increased after smoking, 
passive smoking and exposure to ambient air polluted with nitrogen dioxide. In two Held 
studies we tried to verify the results obtained in smokers. A weak positive association was 
found between the hydroxyproline/creatinine ratio and cigarette consumption for male 
smokers. In contrast, the amount of hydroxyproline excreted in the 24-h urine was not 
increased in male and female smokers as compared to their non-smoking counterparts. 
Standardizing the data for body surface led to the same results. From the findings 
obtained in smokers we conclude that passive smoking does not lead to an elevation of 
hydroxyproline excretion either. 

In addition, we measured lower amounts of creatinine excreted in the 24-h urine of 
male, but not female smokers and higher 24-h urine volumes in smokers of both sexes as 
compared with non-smokers. Whereas an inverse correlation was found between the 
extent of smoking and the excretion of creatinine, the association between the extent of 
smoking and urinary volbme was positive. Both findings acting together may explain the 
increased hydroxyproline/creatinine ratio as seen in smokers. Therefore the hydroxypro¬ 
line/creatinine ratio is not a measure of the hydroxyproline excretion in smokers, nor is 
its determination an appropriate method of detecting lung damaging effects due to 
smoking and passive smoking. 


Introduction 

Increased urinary excretion of hydroxyproline is an established diagnostic marker for 
certain osteopathic destructions, some endocrinological disorders and severe burns [10]. 
However, only controversial results are available when hydroxyproline excretion is used 
to indicate degradation of lung collagen and eiastin in subjects with lung diseases [9,16]. 
Kasuga and co-workers introduced the hydroxyproline/creatinine ratio as a biomarker 
for exposure to pollutants with lung damaging properties in epidemiological field studies. 
They reported dose-related increases in the hydroxyproline/creatinine ratio of smokers, 
passive smokers and subjects exposed to ambient air polluted with automobile exhaust 
[9]. In an earlier investigation involving male smokers of cigarettes, pipes and cigars and 
passive smokers [2], we were unable to confirm the results of Kasuga and co-workers. 
Instead of this, we found Ian inverse correlation between urinary creatinine concentration 
and smoke uptake in cigarette, pipe and cigar smokers which could have caused the 
observed weak association between smoking and the hydroxyproline/creatinine ratio, in 
order to shed new light on this controversy we extended our study by a group of 120 
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subjects consisting of 60 smokers and 60 non-smokers. Hydroxyproline and creatinine in 
24-h urine samplfes were independently measured in the laboratory of Prof. Kasuga and in 
our Munich laboratory. 


Subjects and Methods ; 

Subjects , 

All subjects were recruited as described elsewhere [2]. The data of cigarette smokers and j 

non-smokers of study 1 in this paper are those of study l and 3 of an earlier publication j 

[2J. In study 2,60 non-smokers (30 males, mean age: 27.8 years; 30 females, 28.1 years) 
and 60 smokers (31 males, 31.3 years; 29 females, 30.8 years) were investigated. The 
subjects collected 24-h urines before they came to the laboratory between 4 and 7 p m. On I 

this occasion blood samples were drawn and questionnaires on life style factors were 1 

completed. 


Analytical Methods 

Hydroxyproline and creatinine in the urine samples of study 1 and 2 were analyzed in the t 

laboratory of Prof. Kasuga at Tok&i University, School of Medicine, by autoanalyzer I 

techniques [8,1:5]. The samples from study 2 were additionally analyzed in our laboratory j 

using the method of Prockop and Udenfriend for hydroxyproline [12] and Jaffe*s reagent I 

(Merckotest 3385, Fa. Merck, Darmstadt, W.-Germany) for creatinine. Carboxyhemo- 
globin (COHb) was measured with a CO-Oximeter (Instrumentation Laboratories Ltd, 

Model 182) immediately after taking the blbod samples. Cotinine in serum was 
determined by gaschromatography (study 1) [6] and radioimmunoassay (study 2) [5]. 


Results 


The 24-h urine parameters for smokers and nooTsmokers of both studies are summarized 
in Table 1. Male smokers of study 1 showed significantly higher hydroxyproline/ 
creatinine ratios than did male non-smokers. In study 2, the same trend is obvious for 
male and female subjects if Kasuga’s data (JDS) are used, but could not be seen with our 
data (MDS). There was no difference in the amount of hydroxyproline excreted in the 24- 
h urine either standardized for body surface or unstandardized between male smokers 
and male nontsmokers. In female smokers, the hydroxyproline excretion rate was similar 
to that in female non-smokers if our data set was used* but was significantly higher with 
Kasuga Ydata. In both studies significantly lower amounts of creatinine were measured 
in the 24-h urine of male smokers as compared to male non-smokers. No such difference 
was seen for female subjects. Our results are in line with the Japanese data set. In study 2, 
in both sexes the volume of the 24-h urine of smokers was significantly higher than that of 
non-smokers. 

The relationship between the smoke uptake variables (cigarette consumption, COHb, 
serum cotinine) and the 24-h urine variables (hydfoxyproline, creatinine, volume) are 
shown in Table 1 Notably, the extent of smoking is positively correlated with the 24-h 
urine volume and negatively correlated with the amount of creatinine excretion over 24 h. 
This is also true for female smokers, even if their average amount of creatinine excreted 
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Table I. Hydroxyprolinc (HOP) and creatinine (CREA) excretion in 24-h urine of smokers and non-smokers (mean ± SD) 
(TDS - Tokyo Data Set; MDS = Munich Data Set) 


Smoking status (n) HOP (mg/24 h) HOP (mg/24 h/m 2 ) HOP/CREA (mg/g) GREA (mg/24 h) Volume 

(ml/24 h) 


Study t (TDS) 

Maks 

Non-smokers (23) 
Smokers (88) 

P 

32.3 ± 11.5 
34.7 ± 16.5 
0.41 


16.9 ± 6.2 
17.7 ±6.2 
0.62 


Study 2 

Maks 

TDS 

MDS 

TDS 

MDS 

Non-smokers (30) 
Smokers (31) 

P 

41.5 ± 17.6 
40.0 ± 14.6 
0.73 

29.2 ± 10.8 

26.2 ± 9.7 
0.26 

22.8 ± 11.6 
20.6 ± 8.2 
0.40 

16.5 ± 8.2 

13.5 ±5.1 
0.09 

Females 

Non-smokers (30) 
Smokers (29) 

P 

29.4 ± 9.4 
37.8 ± 17.7 
0.03 

21.7 ±9.3 

20.8 ± 7.0 
0.67 

17.5 ± 5.6 
22.8 ± 10.9 
0.03 

12.8 ± 5.1 
12.8 ±5.5 
0.98 


17.3 ±4.0 
25.5 ± 8.5 
0.0001 


1,863 ±481 
1,373 ±549 
0.0001 


1,416 ± 511 
1,318 ± 595 
0.44 

TDS 

MDS 

TDS 

MDS 


19.5 ± 11.9 

23.2 ± 9.9 
0.19 

16.3 ± 5.4 
17.1 ± 5.5 
0.55 

2,310 ±623 
1,832 ±508 
0.01 

1,822 ± 490 
1,543 ± 385 
0.02 

1,399 ± 380 
1,846 ± 710 
0.01 

22.9 ± 8.0 

29.9 ± 16.7 
0.06 

21.2 ±8.3 

19 0 ±5.1 
0.23 

1,326 ± 300 
1,331 ± 293 
0.95 

1,051 ±273 
i,i00 ± 233 
0.46 

1,209 ±524 
1,611 ±846 
0.04 
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Tablt 2. Coefficient! of correlttioni(Pearson) between variables of cigarette smoke uptake and 24-h 
urinary bydroxyproline (HOP) and creatinine (CREA) excretion and urinary volume (TDS = 
Tokyo Data Set; MDS = Munich iDau Set) i 


Study 1 (TDS), Males (N= I 


Variables 


HOP (mg/24 b) 
CREA (mg/24 h) 
Volume (ml/24 b) 


Variables 


Consumption 

(Cig/d) 


Serum cotinine COHB 

(ng/ml) (%) 



Consumption 

(Cig/d) 


Serum cotinine 
(ng/ml) 




1 p < 0.05. •*p<0.01. •**p< 0.001, 


was not found to be different from that of non-smokers (Table 1 )j No stable trend of a 
correlation between the amount of hydroxyproline excreted and'the smoke uptake 
variables could be observed. 


Discussion 

This investigation dtals with the question of whether urinary hydroxyproline may in fact 
be regarded as a validated' biochemical marker for assessing health hazards due to 
tobacco smoke exposure. The increase in urinary hydroxyproline caused by degradation 
of lung collagen and el as tin is thought to be very low. This is due to the fact that 
hydroxyproline containing lung proteins constitute only some 2% of the total collagen 
present in the entire human organism [1]. Therefore very high turnover rates in the lung 
would have to be assumed if measurable increases in urinary hydroxyproline excretion 
were to result. It is thus not surprising that in several studies including our own no 
increase in hydroxyproline excretion was found after smoking [2,7,13] or after exposure 
to nitrogen dioxide [11]. Similar conclusions must be drawn from investigations of 
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subjects with lung disease [10,14]i Our present data again support the view that urinary 
excretion of hydroxyproline is not sensitive enough to detect a lung damaging effect of 
cigarette smoking, as we do not find an increase in hydroxyproline excretion in male and 
female smokers. As far as male smokers are concerned, our data are in line with those of 
Kasuga. In female smokers, Kasuga’s data show a significantly higher hydroxyproline 
excretion. At present; we have no explanation of this discrepancy. 

If there is no measurable difference in urinary hydroxyproline excretion over 24 h 
between smokers and non-smokers, the question arises whether the increased hydroxyp- 
roline/creatinine ratio in smokers as found in several studies might be caused by factors 
other than an elevation of hydroxyproline. First of all; the interlaboratory comparison 
shows that the hydroxyproline/creatinine ratio is subject to a high analytical variability. 
On the average, higher hydroxyproline levels were found in Kasuga’s laboratory as 
compared with our laboratory (regression line is parallel to the ideal line). 

The coefficient of correlation was rather low (r=0.76). A better correlation was 
observed for the creatinine measurements (r* 0.96). However, the regression line 
systematically deviates from the ideal line. Due to this interlaboratory variance, the 
hydroxyproline/creatinine ratios calculated from the data obtained in both laboratories 
show a weak correlation only (r=0.27). 

Furthermore, our data demonstrate an increase in the 24-h urinary volumes in 
relation to the extent of smoking. The data of study 1, in which smokers and non-smokers 
have similar urine volumes, may at first sight not support this finding. However, it has to 
be considered that in this study the smokers were investigated in winter and the non- 
smokers in summer which makes a comparison rather meaningless, since people use to 
drink more in summer than in winter. We must assume that the urinary flow rate 
influences excretion of hydroxypyroline and creatinine in a different way, Whereas a 
nearly complete tubular reabsorption is reported for free hydroxyproline which accounts 
for 80-95% of total hydroxypyroline in the plasma [1], no tubular reabsorption of 
creatinine takes place at all; According to the principle of forced diuresis, an increased 
urinary flow rate as found in smokers may cause a reduction in tubular reabsorption of 
hydroxyproline, thus leading to an increased urinary excretion. This remains to be 
established by experimental evidence. 

Finally, the evaluation of the data sets clearly shows that the urinary creatinine 
excretion is inversely correlated with the extent of smoking. So far we cannot offer any 
convincing explanation of this finding. However, our observation is supported by at least 
two papers. One of them reports lower creatinine concentration in serum of smokers as 
compared with non-smokers [3]| The other describes lower serum creatinine levels in 
male but not in female smokers as compared to their non-smoking counterparts [4], 
Therefore the increased hydroxyproline/creatinine ratio if found in smokers might, for 
the most part, be caused by a diminished urinary creatinine excretion. 

In conclusion, increases in the hydroxyproline/creatinine ratios in smokers might be 
faliely interpreted as an elevated excretion of hydroxyproline. This may in fact be caused 
by smoking-related decreases in creatinine excretion and/or increases in urine volume: 
Moreover, hydroxyproline excretion is unlikely to be an appropriate biomarker for 
detecting a lung damaging effect of smoking or passive smoking. Low increases in 
urinary hydroxyproline after smoking, which cannot be excluded* may remain undetect¬ 
ed due to the wide interindividUal and methodological variabilities, and in view of the 
high release of hydroxyproline from organs other than the lung. 
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DNA Adducts, Protein Adducts, and Sister Chromatid Exchange in 
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ABSTRACT—in order to validate markers ol internal dost and bio¬ 
logically effective dose ot carcinogens, a battery of measurements 
was made on blood samples from 22 smokers and 24 nonsmokers. 
The markers included immunoreactivity in an enzym#»linked immu¬ 
nosorbent assay (ELISA) quantified in white blood celts with the 
useof a polyctonal anti-benzo(a]pyrene diol epoxide-l-ONA anti¬ 
body, 4-ami nobiphenyl hemoglobin (4-ABP-Hb) adducts measured 
by negative chemical ionization mass spectrometry, sister chro¬ 
matid exchange (SCE) in cultured lymphocytes, and cotinine in 
plasma measured by radioimmunoassay. Several blood samples 
were drawn from each sublet. In blood samples i and 3 having 
dstectable levels of DNA adducts, mean femtomole-per-miCrogram 
tsvels were consistently higher among smokers compared to non- 
smokers: The borderline significance of this difference may be 
attributable to the small numbers of subjects, Consistently higher^ 
adduct levels were seen in j 

«r« __.. _ . .... 

rXOntiwttO^ 

... 

todittingufeh clttrty «* 





correlation* 


_ .that . . . 

*_vand 4-ABP-Hb adduct^pu^ft§^SRi^hemm^ 

but not nonsmokers (ssmplt 3). These reiuttt support the need for 
batteries of markers to delsct and to quantify the carcinogenic 
boss to humans resulting from both specific and "background" 
environmental exposures.-JNC11967; 79:449-456 




Methods to quantify biologically effective dbse (the 
amount of activated carcinogen interacting with critical 
cellular targets) can greatly enhance the epidemiology of 
human carcinogenesis and can also improve risk extrap- 
<*totion between species (7,2). Carcinogen-DNA adducts 
measured by immunoassays (2-6), postlabeling (7), and 
physical methods ( 6 ) are viewed as a particularly useful 
and relevant marker of biologically effective dose in 
human populations. This approach is supported by evi- 
^nce that covalent binding to DNA is a critical early 
^ent in the process of lumorigenesis (5) and that the 
carcinogenic potency' of a number of PAHs correlates 
Wl| h their ability to form specific DNA adducts (9, 70). 

. mcomplete combustion of organic materials, includ- 
fossil fuels, is the major source of PAHs, such as BP, 
A. and chrysene. For example, BP is a ubiquitous pol- 
uunt encountered in the workplace, urban air, drink- 
water, and food supply (77, 72): It is a constituent of 
a| nstream (20-40 ng/cigareue) and sidestream cigarette 


smoke (68-1S6 ng/cigareue) (7,3), Long understood to be 
a carcinogen in active smokers, cigarette smoke is now 
increasingly recognized as contributing to lung cancer 
in nonsmokers (73-76). 

Antibodies elicited against BPDE-l-DNA were used to 
establish a sensitive ELISA (77). They were later shown 
to cross-react with DNA modified by dtol epoxides of 
other PAHs that form adducts with stereochemistry 
similar to BPDE-l-DNA. such as BA (with a 20-fold 
lower affinity than BP) and chrysene (with a twofold to 
threefold lower affinity) (Santella R, Harris C: Personal 
communication). These tw^o PAHs are found in the 
same sources as BP, in fairly similar concentrations 
(eg., BA, 26 ng/cigareue; chrysene. 66-96 ng cigarette) 
(72), Thus positive reaction with the antibody may indi¬ 
cate the presence of multiple PAH-DNA adducts Mea¬ 
surement of these other DNA adducts is biologically 
important, because, like BP, both BA and chrysene are 


Awriviationh t>tD: 4tABP* 4-aminobiphen\ li 4 ABP-Hb = 4-ABP 
adduns in hemoglobin; BA» benzanthracene. BP s benzo(a]pvrenr: 
BPDE-l-DNA* BP dial epoxide-1-DNA; ELISA *enz\mHinked im- 
munosorbrnt assay; GG-MS— gas chromatographs-mas* spectrome¬ 
try; NCJMS* organvf chemical ionization mass speetromrirv: PAH * 
polycyclic aromatic hydrocarbon; ppd= packs da\: SCE* sister 
chromatid exchange. 
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mutagenic and carcinogenic (/<?). In addition, this 
polyclonal antibody reacts with BPDE-I-RNA, but with 
tenfold lower reactivity than for BPDE-I-DNA (Poirier 
M€. SameUiRM, Haas R: Unpublished observations). 

The anti-BPDE-I-DNA antibody was used to analyze 
human samples in a pilot study of lung cancer cases and 
controls (4) and subsequently to detect DNA adducts in 
human placental tissue {19). The present study is an 
effort to relate adduct levels and two additional com* 
plememary markers of biologically effective dose—car¬ 
cinogen-protein adducts and SCE— to cigarette smoking 
and I other environmental exposures. 

4-ABP is another potent carcinogen and mutagen (20) 
found in mainstream (2-4.6 ng'rigarette) and sidestream 
(140 ng/cigaretie) cigarette smoke (13, 21), Background 
sources include air pollution, azo dyes, and possibly 
charred meat but are lower than for PAHs (22). Thus 
4-ABP-Hb is a useful marker of exposure to cigarette 
smoke. Protein-carcinogen binding is considered a use¬ 
ful surrogate for DNA-carrinogen adducts (23, 24); in 
particular, hemoglobin can act as a trap for carcinogens, 
providing a cumulative dosimeter over its 4-month life¬ 
time (25). Sensitive GC-M5 techniques are available for 
quantitating 4-ABP levels on hemoglobin. These tech¬ 
niques have been validated in experimental animal 
studies showing that rats dosed with 4-ABP formed a 
stable, accumulating covalent 4-ABP-Hb adduct (25). 
Here, in collaboration with Dr. M. Bryant. Dr, S. Tan- 
nenbaum, and Massachusetts Institute of Technology 
co-workers, the NCI MS method was applied for the first 
time to quantitate 4-ABP-Hb adducts in humans. The 
data presented here are the initial data in a larger series 
< 22 , 26 i 

SCEs are viewed as a useful marker of biologically 
effective dose of mutagens-carcinogens (27, 28). Prior 
studies have shown significant differences in SCEs 
between smokers and nonsmokers (27), As a generic 
marker. SCE is complementary to the other two chemi¬ 
cal-specific techniques. 

Finally, in collaboration with Dr. N. Haley of the 
Naylor Dana Institute for Disease Prevention, cotinine 
levels [a metabolite of nicotine with a plksma half-life of 
10-13 hr (29, 30)] were measured in the plasma of a 
subset of subjects. Cotinine is a highly specific bio¬ 
chemical marker of internal dose of cigarette smoke, 
both active and passive (13, 29, 30). 

The goal of the present pilot study was to compare 
the three complementary markers of biologically effec¬ 
tive dose and to relkte each to an objective measure of 
cigarette smoking (cotinine as a tobacco-specific dosime¬ 
ter). Detailed personal! exposure and health histories 
were obtained by questionnaire and compared to the 
marker data. These histories were designed to elicit 
information about host and environmental factors 
known or believed to contribute to PAH or 4-ABP 
adducts and SCEs. 

MATERIALS AND METHODS 

Subjects, sample collection, and questionnaire data.— 
Twenty-two healthy smokers and 24 nonsmokers who 


were either employees or students at the Colurnb 
Presbyterian Medical Center, New York. NY. vo]^ 
teered for the study. This group was selected becau* 
there was no anticipated significant occupational ^^ 
sure to the pollutants of interest. Nonsmokers 
defined as individuals who had never smoked cigarette • 
but could have smoked cigars, pipes, or marijuana 
Three of the nonsmokers admitted to smoking n \ ari . 
juana 2 years or more prior to study, whereas another} 
reported current usage. Because the mean assay values qf 
nonsmokers as a group did not change to any signit 
cam degree when these individuals were factored out of 
the analysis* they were retained in the nonsmokir^ 
group. The same was true for 2 former cigar and pip* 
smokers. Marijuana smoking among cigarette smoke* i 
also did not substantially change the group mean. j 

All subjects were interviewed by trained personnel bi 
means of a standardized questionnaire. Indices of acm* 
smoking were: lifetime tar (sum of mg tar cigarette for 
each brand of cigarette smoked during lifetime [based on 
Federal Trade Commission tar values fbr cigarette 
1936-84 (31)] X number of cigarettes smoked of that 
brand/day X 365 X number of years smoked that 
brand), current smoking levels (ippd), pack-years fppd X 
yr smoked), and tar levels of current brand smoked i3i%. 1 
A passive smoking score reflecting cumulative reside*- j 
tial exposure during the previous 2 years was calculated ) 
(No of persons smoking X their ppd X No. of hours of V 
subject exposure/day X No. of months living with * 
smokers in past 2 yr). The average total daily hours I 
individuals were exposed to passive smoke at home and ! 
work during the preceding 2 years were also included in 
the analysis. A charcoal exposure score incorporating 
both average intake during the previous 2 years and 
intake during the previous 2 weeks reflected consump¬ 
tion of broiled or smoked meat and fish. In addition «o 
these quantitative scores, participants were qualitatively 
rated on area of residence (urban vs. rural) as a measure 
of outdoor air pollution, recent exposure to wood smoke 
or kerosene heaters, occupational and environmental 
exposures to PAHs or to other substances capable of 
influencing SCE formation (e.g., petroleum products, 
tar, and ethylene oxide), and other forms of smoking 
(eg., cigars, pipes, and marijuana): Information on 
alcohol and caffeine consumption, medications, x-rays* 
and health status-history was collected to identify po¬ 
tential confounders in the SCE analysis. A more com¬ 
plete analysis of the SCE data, taking into account these 
possible confounders. will be presented separately 
(Munshi AA, Fischman HIK, Perera F: Manuscript in 
preparation). 

Nonsmokers gave two blood samples and smokers 
gave three blood samples of 35 ml each. For smokers, the 
second sample was drawn 17*18 hours after the first 
sample, and the third was drawn 48 hours after sample 1. 
For the nonsmokers, the second sample was drawn 48 
hours after the first. Samples were coded and centrifuged: 
huffy coat cells, hemoglobin, and plasma were stored 
frozen at — 70°C. In addition, some subjects gave an 
additional 10 ml for SCE analysis. 
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Competitive ELISA for BPDE-l-DNA adducts .—The 
general method: has been dfescribed (4) and will only be 
briefly summarized here. Microplates (96 wells) were 
coated' with 5 ng BPDE-l-DNA (0.5% modified). The 
rabbit polyclonal antibody to BPDE-I-DNA was used at 
1:100.000 dilution,.and the goat anti-rabbit IgG alkaline 
phosphatase conjugate was used at a dilution of 1:500. 
The standard curve was established with the use of 
known amounts of BPDE-l-DNA in 50 pg. carrier calf 
thymus DNA, with a mean 50% inhibition of 23.2 
fmol/50 pg. For the biologic samples, combined DNA 
(native) and RNA were prepared as previously described 
(52) with extensive proteinase K and phenol treatment 
to eliminate protein. The ratio of absorbance at 260 and 
280' nm was used to monitor purity. Combined RNA 
and DNA was used so that larger amounts of material 
would be available for repeated assays. 

Samples were assayed at 50 pg'well and run in dupli¬ 
cate wells (average coefficient of variation = 7%). Sam¬ 
ple percent inhibitions were calculated, and the corre¬ 
sponding femtomole-per-microgram equivalents of 
BPDE-I-DNA were determined from the standard curve. 
While the assay is measuring multiple PAH-DNA 
adducts, since the standard curve used in vitro modified 
BPDE-I-DNA, data are expressed as fmol BPDE-I-DNA, 
which would give the equivalent percent inhibition (or 
"BPDE-I-DNA antigenicity”). DNA adducts were mea¬ 
sured 1 in white blood cells from 22 smokers and 24 non- 
smokers (sample 1), in 20 smokers (sample 2), and in 21 
smokers and 21 nonsmokers (sample 3). We considered 
samples withies* than 25% average percent inhibition to 
haw nondetectable levels of BPDE-l-DNA antigenicity. 

NCIMS for 4-ABP-Hb adducts .—The method is de¬ 
scribed in detail elsewhere (25, 26). The GC-MS proce¬ 
dure involves hydrolysis of the cysteine sulfinamide 
adduct of 4-ABP followed by devaluation with penta- 
fltioropropionic anhydride to yield the pentaflboropro- 
pionamide, which was then analyzed by GC-MS with the 
use of negative chemical ionization. 4-ABP-Hb adducts 
were measured in red blood cells from 19 smokers and 18 
nonsmokers (sample 1) and in 9 smokers and 6 non- 
smokers (sample 3). 

SCEs .—After separation of leukocytes from the plasma, 
duplicate 72-hour cultures per subject were done as pre¬ 
viously described (33). Bromodeoxyuridine was added at 
24. hours. Coded slides were prepared and stained 
according to the method of Goto et al. (34). Fifty meta- 
phases were analyzed! per culture, and the average 
number of SCEs per metaphase was calculated. SCEs 
were measured in cultured lymphocytes from 11 smokers 
andl 10 nonsmokers. 

CoOnine.—Cotinine in plasma was quantitated bv a 
modified i radioimmunoassay as described elsewhere (30)i 
This method is able to determine cotinine levels as low 
as l> nmol/ml plasma. All samples with cotinine levels 
below this limit were listed as nondetectable. Cotinine 
values were measured 1 in plasma from 10 smokers and 10 
nonsmokers. 

Stofisdrai methods .—The principal statistical ap¬ 
proaches were to compare the 2 groups (smokers and 


nonsmokers) with respect to results in each assay and 
then to evaluate correlations between a number of host 
and exogenous variables and respective assay values. To 
assure comparability of samples, the two samples from 
nonsmokers were compared to the first and last samples 
(#1 and *3) taken from smokers. For both groups, these 
were the samples drawn 48 hours apart. Half of the 
smokers were asked to abstain fTomsmoking for this 48- 
hour period to investigate short-ternt decay of adducts. 
Since compliance with this request was highly variable 
and we saw no consistent effect of reducing or quitting 
smoking during this time period in the subset of 11 sub¬ 
jects who cooperated, the data from this group were not 
analyzed separately. The 2-group comparisons were 
based on standard two-uiledi (-tests. P -values less than 
.01 were considered highly significant; those between .01 
and .05; significant; and those between .05 and .1. 
borderline. 

Pearson’s method was used to analyze correlations 
between assay results and various exogenous and host 
variables. These included measures of active and passive 
smoking (cumulative lifetime tar, pack-years, average 
packs/day smoked during lifetime, level of tar in current 
cigarette, residential passive smoking scotc, and average 
total hours exposed to passive smoke day) as well as age 
and dietary exposure to charcoal. Finally, the various 
assays were compared to determine how well they corre¬ 
lated with each other. Here significance was. evaluated 
usi ng a two-ta iled I-test for the transformed correlation: 
r/y/l —r-/n-2, where r is the correlation coefficient and 
n is the sample size. This method was selected because it 
takes account of small sample size. 

RESULTS 

The mean age of the smokers was 35.7 (±9.3); for the 
nonsmokers it was 32.9 (±9.8). The smokers included 12 
females and 10 males; nonsmokers included 12 females 
and 12 males. Smokers were all currently consuming at 
least 1 pack per day (mean = 1.4±.4) and had lifetime 
smoking histories ranging from 7.5 to 62 pack-yr (mean 
= 24.5±15.l). Table 1 shows the results for each, assay 
Iot smokers and nonsmokers, respectively. 

BPDE-l-DNA antigenicity .—Of the 46 subjects stud¬ 
ied, 5/22 (22.7%) smokers and 7/24' (29%) nonsmokers 
had detectable levels of adducts in sample 1. For sample 
3, the proportion of detectables was 4/21 (19%) for 
smokers and 4/21 (19%) for nonsmokers. All! statistical 
analyses were performed on this smaller subset of indi¬ 
viduals whose samples showed detectable adduct levels. 
The mean results for this subset are summarized in 
table 2. 

Mean adduct levels were consistently higher in smok¬ 
ers than nonsmokers (samples 1 and 3). This difference 
showed borderline significance in sample 3. Females 
were also consistently higher than males in both sam¬ 
ples. Significant correlations were sem-among smokers 
in sample 3 with both average ppd smoked (.995* and 
lifetime tar intake (.964); a borderline correlation was 
seen with pack-years (.925). In sample 1. the equivalent 
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Ta ble l.r-Agt, #ex. and asmy values far wlunteers" 



Patient 



ELISA. 

v fmol/Mg DNA 

4-ABP/ 

SCE; average No./ 
metaphase 

Cotinine. 
ng ml 

No. 

Age, yr 

Sex 


Sample l Sample 2 Sample 3 

pg/g Hb 

Smokers 

3 

45 

- 


ND 

ND .067 

105 

NA 

491 

4 

40 

xl 


ND 

.154 ND 

95 

NA 

545 

5 

52 

X : 


.144 

.186 ND 

75 

NA 

446 

8 

45 

* 


.210 

.114 .198 

217 

NA 

491 

lH 

21 

X ■ 


ND 

ND ND 

160 

NA 

274 

12 

33 

?' 


ND 

NA NA 

NA 

NA 

NA 

14 

34 

X 


ND 

ND ND 

256 

NA 

145 

15 

31 

X. 


NO 

ND ND 

179 

NA 

549 

16 

31 

X 


NO 

ND ND 

164 

NA 

400 

17 

27 

7 


ND 

ND ND 

232 

NA 

440 

21 

38 

0: 


ND 

ND .123 

98 

12:8 

581 

23 

32 

* 


ND 

ND ND 

142 

10:5 

NA 

25 

30 

x 


ND 

ND ND 

125 

107 

NA 

27 

48 



.111 

NA ND 

213 

11.3 

NA 

33 

27 

5 


ND 

ND .067 

NA 

7:2 

NA 

36 

39 

* : 


ND' 

ND ND 

163 

7.7 

NA 

39 

37 

9 


ND 

ND ND 

156 

12.1 

NA 

40 

22 



ND 

ND ND 

143 

101 

NA 

41 

34 

7 


ND 

ND ND 

135 

11.7 

NA 

44 

48 

7 


ND 

ND ND 

NA 

NA 

NA 

49 

23 

x : 


.100 

.133 ND 

146 

138 

NA 

50 

50 

7; 


.100 

ND ND 

141 

11.1 

NA 


Patient 



EUSA. 

h fmol/Mg DNA 

4iABP: f 

SCE/ average NoV 

Cotinine/ 

No. 

Age. yr 


Sex 

Sample 1 

Sample 3 d 

pg/t Hb 

metaphase 

ng ml i 

Nonsmokers 

0 

43 


5 

ND 

MB 

29 

NA 

ND 

1 

35 


^ , 

X 

.155 

.103 

35 

NA 

ND 

2 

32 


i 

.125 

ND 

7 

NA 

ND 

6 

26 


x 

ND 

ND 

NA 

NA 

NA 

7i 

43 


X 

.170 

ND 

17 

NA 

ND 

9 

41' 


x 

ND 

ND 

42 

NA 

3 

10 

49 


X 

ND 

ND 

34 

NA 

ND 

13 

27 


X 

ND 

ND 

30 

NA 

ND 

18 

23 


X 

ND 

ND 

20 

NA 

ND 

19 

46 


X 

ND 

ND 

47 

10.6 

ND 

20 

27 


X 

ND 

ND 

45 

7.9 

ND 

24 

29 


7 

ND 

ND 

48 

9.1 

NA 

26 

53 


Q 

ND 

NA 

11 

9.0 

NA 

28 

24 


X 

ND 

.045 

24 

8.8 

NA 

30 

23 


9 

ND 

ND 

49 

7.7 

NA 

311 

23 


X 

.097 

.062 

36 

60 

NA 

32 

46 


$ 

.088 

.050 

NA 

7.0 

NA 

34 

27 


9 

ND 

ND 

22 

5.9 

NA 

35 

23 


e 

ND 

ND 

33 

9.1 

NA 

42 

28 


X 

** 

.085 

NA 

NA 

NA 

NA 

43 

44 


9 

.085 

NA 

NA 

NA 

NA 

45 

25 


s 

ND 

ND 

NA 

NA 

NA 

46 

23 


6 

ND 

ND 

NA 

NA 

NA 

48 

38 


<5 

ND 

ND 

42 

12.5* 

NA 


"NA = not assayed. ND = not detectable. Hb * hemoglobin. 

* Expressed as fmol eqvu'alenU of BPDE-I-DNA adducts/Mg DNA. 
r Results for sample 1 only. 

rf A toul of two samples was drawn from nonsmokers. Because the second was equivalent in time to the third sample drawn on nonsmokers. 
the second nonsmoker sample was labeled sample 3 to facilitate analysis. 

' Subject excluded from SCE analysis because of known exposure to ethylene oxide. Cv 
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TABLE 2.—Mean assay results: smokers and nonsmokers 

Assay Smokers Nonsmokers 


ELISA. fmoUg DNA° 
Sample 1 
Range 

No. detecUbles assayed 
Sample 2 
Range 

No. detecubles assayed 
Sample 3 
Range 

No. detecubles assayed 
4-ABP-Hb. pg/g hemoglobin 
Sample 1 
Range 
No. assayed 
Sample 3 
Range 
No. assayed 

SCE. average No./metaphase 
Sample ii* 

Range 
No. assayed 
Cotinine ng/ml 
Sample r 
Range 
No. assayed 


.1331.047 

.1151.036 

.HXK210 

.085- 170 

5/22 

7/24 

.1471.030 

Not done 

.111 4-. 186 


4/20 


.1281.054 6 

.0651.026 

.067-. 198 

.045- 103 

4/21 

4/21 

154.5149.3' 

32.21123 

75-256 

7-51 

19 

18 

139'0x237i f 

36.2112.3 

84-163 

14-51 

9 

6 

10.812.0* 

8.111.5 

7.2-13,8 

5.8-10.6 

11 

10 

419.21149.9' 

0.31.1 

145-581 

0-3 

10 

10 


e fmol equivalents of BPDE-I/jig DNA. 
fc Smoker/nonsmoker differences: .05 <P<.1. 
'P = .0001. 

•P= .002. 


correlation coefficients were .290* .659* and .474. There 
was also a significant correlation among nonsmokers 
with the two passive smoking variables in sample 3: .963 
for passive residential score and .963 for total hours 
exposed. 

4-.4BP-H5-— As shown in table 2, there was a highly 
significant difference between the mean 4-ABP-Hb levels 
of the smokers and nonsmokers (samples 1 and 3). For 
all subjects. 4-ABP-Hb was significantly correlated with 
indices ol active smoking; pack-years (.63); cumulative 
lifetime tar (.57), average packs/day (.80)* and tar level of 
current cigarette 1.77). In the 2 groups combined, a bor¬ 
derline significant correlation ( f 37| was seen between 
one of the measures of passive smoking (total hours 
exposed,-day) and hemoglobin adduct levels. However, 
these correlations are primarily accounted for by the 
highly significant difference in adduct levels between 
the smokers and nonsmokers. 

$C£j.—Mean SCE levels for smokers were signifi¬ 
cantly higher than those for nonsmokers (table 2 )j In 
both groups combined; a highly significant correlation 
*** seen between SCEs and average packs smoked/day 
insignificant correlations were seen between levels of 
bCEs and! lifetime tar intake (l 45) and between pack- 
**'* < 48) and tar level of current cigarette (.44 ). As with 
the 4-ABP-Hb adducts, these findings were not repli- 
ta ted in the smoker group when analyzed separately and 
probably due to the differences in means between 
n ° n *smokers and' smokers. 

Co/mine.—There was a highly significant difference 
t^tween the mean cotinine concentrations of smokers 


and nonsmokers (table 2). Foi all subjects, the amount 
of smoking as measured b\ lifetime tar intake (.78 1 .. 
pack-years (.82). average packs day <.89). and tai level of 
current cigarette (.84) showed statistically significant 
positive correlationswith cotinine levels. However, these 
correlations appear to be primarily due to the differences 
between the smokers and nonsmokers. 

Relationships between the various assays.—Table 3 
shows the correlations between the assays run in smok¬ 
ers and nonsmokers combined. As can be seen, the two 
ELISA data sets (samples 1 and 5); were highly intei- 
correlated. Highly significant correlations were found 
between 4*ABP-Hb and cotinine and between 4-ABP-Hb 
and SCE level. A significant! relationship was found 
between DNA adducts (sample 3) and SCEs. 

Due to small numbers, it was not possible to directly 
compare DNA and protein addiicts in sample 3: Since 
there was little difference between 4-ABP-Hb values in 
the repeal samples (average coefficient of variation = 
14%), we compared sample 1 4-ABP-Hb values to DNA 
adduct levels in both samples I and 3. An interesting 
finding was the significant correlation of DNA adduct 
levels in the third sample with 4-ABP-Hb adducts. This 
is consistent with the observation that this sample 
showed strong correlations with indices of active smok¬ 
ing in smokers andl with passive smoking in nonsmok¬ 
ers. When the relationship between DNA and protein 
adducts was examined separately for smokers and> non- 
smokers, correlation coefficients for smokers were alwavs 
positive and exceeded those of nonsmokers. 

DISCUSSION 

We have assayed human blood cells for three com¬ 
plementary markers of internal and biologically effective 
doses of mutagens-carcinogens in cigarette smoke. Thev 
included highly sensitive chemical-specific methods 
(immunoassays and NCIMS) and a generic assay (SCE; 
Of interest to us were the relationship between the indi¬ 
vidual markers and both objective and subjective esti¬ 
mates of exposure on the one hand and comparisons 
between the various dosimeters on the other. 


Table Z.—Inltrassay correlations 0 


Specification 


ELISA 

Sample 1 Sample 3 


4-ABP 


Cotinine 


SCE 


ELISA— 

— 



Sample 1 
ELISA— 

.978* 

_ 


Sample 3 

(4) 



4-ABP 

-.026 

.944* 

— 

Cotinine 

(8) 

(5) 


.504 

.470 

.583* - 


(5) 

(4) 

«20> 

SCE 

.567 

.818 f 

.658* - 


(5) 

(5) 

(19) .._13J 


* Aiiim6er« in parentheses irt the numbers of subjects involved in 
each comparison. 

6 P<.01. 
f P<.05. 
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The levels of DMA adducts in samples with detectable 
amounts (0,025-0,21 fmol Mg) were in the same range as 
in our prior study of lung cancer patients (0.14-0.18) (4) 
and considerably lower than those reported in various 
worker populations (5, 6), This is consistent with the 
different PAH exposure levels for these populations but 
may also reflect the different methods of sample and 
DMA preparation. 

Here we are using white blood cell DMA as a surro¬ 
gate for the target tissue (lung). Similar adduct levels 
have been observed in lymphocytes and lung DMA of 
experimental animals treated w ith BP (35). as well as in 
human lung andl white blbod cell DMA in a limited 
number of lung cancer patients [(l) and unpublished 
observations]. The extent of DMA modification by cis- 
platin has also been comparable in white blood cells 
and various other human tissues (36), 

Limitations of our study design are that, with the 
exception of the 17 individuals having cotinine mea¬ 
surements, the estimates of exposure rely on self-reported 
history of smoking and other relevant factors obtained 
by questionnaire. Second, comparisons between the 
markers in terms of sensitivity, specificity, persistence, 
etc. are hindered by the small number of individuals 
with a full battery of measurements. Third, the markers 
are not strictly comparable because they involve differ¬ 
ent cell types; tissues, or chemical constituents with 
variable lifetimes and repair capacity (29, 37). Finally, 
our study is limited to measurement of adducts formed 
by PAHs in cigarette smoke; however, recent studies 
have suggested the importance of persistent tobacco- 
specific nitrosamine-DMA adducts with respect to the 
carcinogenic potential of cigarette smoke {38. 39). Thus 
it would be desirable also to measure Oe-meihylguanine 
adducts in smokers and nonsmokers. 

A consistent increase was observed in mean DNA-ad- 
duct levels in smokers compared to nonsmokers. In fact, 
in the smokers (sample 3) several indices of active smok¬ 
ing were significantly correlated with adduct levels The 
significant correlation between adduct levels and passive 
smoking also observed in the nonsmokers (sample 5) 
adds support to recent reports of increased cancer risk 
among individuals exposed to passive smoke (16). As in 
previous studies using immunoassays with an antibody 
to BPDE-DNA (4-6), detectable levels of adducts were 
observed in some but not all of the smokers having 
comparable smoking exposure (lb ppdl). Although inter- 
assay variability may be a contributing factor, this ob* 
served interindividual! variability suggests considerable 
differences in PAH metabolism and/or adduct repair and 
is consistent with the wide range in PAH binding 
observed! in human tissues in vitro {40). In sample 3, 
where smokers* DMA adducts were clearly related to 
smoking, the proportion of samples with detectable 
levels of DMA adducts (19%) is also consistent with the 
observation that only 10-20% of heavy smokers develop 
lung cancer (41). 

The surprisingly high frequency of adducts observed 
among nonsmokers may be attributable to the ubiquity 
of PAH exposure (inclbding passive smoking, diet, 
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occupation, and indoor and outdoor air pollution i The 
large majority of subjects lived in New York City or 
nearby New Jersey, am urban environment with high 
background leveh of PAHs. 

4-ABP-Hb levels were significantly higher in the 
smokers than nonsmokers. However, significant correla¬ 
tions between the various indices of active passive smok¬ 
ing were not seen when the smokers were analyzed 
separately. This may be due to the relatively small 
number of smokers. 


The highly significant correlation between DMA and! 
4-ABP-Hb adducts in sample 3 is of interest because in 
this sample, unlike sample 11. DMA adducts were also 
strongly related to reported consumption of cigarettes. 
In addition; when smokers and nonsmokers were ana¬ 
lyzed separately, the correlation between DMA and 
protein adducts was highly significant for smokers 
(sampl^S) but not for nonsmokers In sample 1. this 
correlation was positive though nonsignificant in smok¬ 
ers and negative in nonsmokers. Since 4-ABP is a more 
direct marker of smoking than PAH-DNA adducts, as 
confirmed by the highly significant correlation between 
4-ABP and cotinine, we conclude that BPDE-I-DNA 
antigenicity in the smokers, especially in sample 3,was 
primarily attributable to smoking. 

SCE levels in smokers and nonsmokers were signifi¬ 
cantly different; however, there was no relationship 
between the amount of active smoking and SCEs in 
smokers. SCEs were significantly correlated with 4-ABP- 
Hb and with DMA adducts in sample 3. The lack of a dose 
response between smoking and SCEs is not consistent 
with a prior report of an increase in mean SCE fre¬ 
quency with the number of cigarettes smoked per day in 
42 individuals (42). Our relatively small number of 
smokers (n = ll) may have prevented our seeing this 
effect. 

This pilot study aimed to validate several complemen¬ 
tary markers of biologically effective dose of PAHs in 
cigarette smokers and nonsmokers. Smokers can be con¬ 
sidered a "model" population whose external exposure 
can be estimated with reasonable accuracy. The study 
established that the methods used are adequately sensi^ 
live for human studies and that it is critical in molecular 
epidemiolbgic studies to account for "background" 
exposures. The study alto illustrated! the advantage of 
using a battery of markers^—some specific to a chemical 
or source^others capable of reflecting total genetic dose 
from environmental exposures. The battery should alto 
reflect a range of exposure periods and patterns, e g , 
current as well as past or cumulative exposure. 

Finally, we observed significant differences in adduct 
levels and SCEs in individuals with comparable expo¬ 
sure. These were not unexpected given the known inter- 
individual variation in absorption and activation-deac¬ 
tivation of carcinogenic chemicals and in the efficiency 
of DMA repair systems (40, 43-47): In fact, these observed 
differences in markers may reflect variance in risk of 
developing cancer. However, while evidence of genetic 
damage indicates a potentially increased risk of cancer, 
quantitative predictions on the individual level must 
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await data from longitudinal I studies definitively linking 
the specific markers to cancer risk. We hope that this 
piloti study will encourage further detailed molecular 
epidemiologic investigations of markers in model popu¬ 
lations. 
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Summary. In a controlled study , tea male votunieen were 
subjected to different smoking and passive smoking eon- 
ditions. After 60 b of sthctly cootrolled uoasnokiai. five 
smokers were exposed to mainstream smoke only, while 
five nonsmokers were exposed to the ps phase of en¬ 
vironmental tobacco smoke (ETS). In a second experi¬ 
ment smokers were mainstream and ETS exposed, while 
nonsmokers were exposed to complete ETS; Blood was 
drawn before and after smoking and DNA adducts were 
analysed from blood monocytes by the E P-postlabeiling 
assay, using the nuclease PI enhancement method. We 
detected DNA adducts in monocytes of all piobands. 
These adducts unrelated to smoking showed interindivi¬ 
dual differences but only minor intnindividuhl changes 
in four samples of the same donor. After smoking in- 
terindividualiy variable additional adducts were visible 
in active smokers only. These smoking-related adducts 
had disappeared after 40 h of nonsmoking aad reappeared 


again in three out of five smokers after the second smok¬ 
ing period. Wa/ 
tfyichMlly 

^sketV Tyse adducts disappear in less than 2 d. owing 
to the fast turnover of monocytes in the intravascular 


system. The effects described could not be observed in 


heavily exposed passive smokers. 


Key words: Postlabelling assay - Smoking - Passive 
smoking - Monocytes 


Although a scries of suspected carcinogenic substances 
have been found in cigarette smoke, there is still no defi- 

Offpnra rtp u t t a to: H.W. RBd>f*r. Uanoiwst Hamburg. Onb- 
nanat Mr Artwitxowdmo. Aibettagnippe Toakogeaetik. Adolph- 
Scbonfelder-Str. 5. D-2000 Hamburg 76 


nite answer as to which specific compounds are responsi¬ 
ble for the increased risk of smokers in acquiring lung 
cancer [6]. In addition, there is a growing need to evalu- 
ate a possible earemogenic risk in passive smokers, sug¬ 
gested by several epidemiological studies, although the 
extent of the effect remains to be investigated [16]. Since 
the covalent binding of xenobiotia or their metabolites 
to DNA is an important indicator for genotoxic stress 
[15]. we studied the formation of DNA adducts m mono¬ 
cytes of snokeis and passive smokers. The E P-po*ciabel- 
Ung assay, being one of the most sensitive methods, seems 
to be especially suited for analysing the formation of 
DNA a d d u ct s resulting from the exposure to complex 
mixtures of unknown composition [17]; After pretreat¬ 
ment with nudease PI the nucleotides carrying a cova¬ 
lently bound adduct are selectively labelled with U P- 
phosphate. This allows the detection of PAH or bulky 
adducts with a sensitivity of • few molecules per genome 
[5]. Though several studies using the “P-postiabelling 
assay have shown a higher level of adducts in several tis¬ 
sues of smokers as compared to control* [12,14], this has 
not yet been possible with human whim blood cells [10. 
11]. Here we used isolated monocytes, because these 
cells are mctaboticallV active without pretreatment [1] 
and are therefore expected to reflect the formation of 
DNA adducts m vivo. 


Materials and m e thods 

Dtnfn of tko mdf. Tee ask healthy •ehumen. five tikrn 
(eg* 19-21) and Ove eooeaok or* (eg* 23- 39) n ft lt ned boa mok- 
tag 60S befott the first Mood unpit was drew*. During the 6 4 of 
the wady tbe prehaadi received • modernised diet, equal w 
amouat aad quality. Two diSenat expoeun coedibom wen ap¬ 
plied: The (bad day woken wen exposed to maiomeammokc 
aoly aad tht fifth day to maumram moke and gQjapamoken 
wen ex c e ed to the get pheae of ITS tot I hoe the thud day aed 
to cempieta ETS for a bee the fifth day. la the fine espenmeet the 
five weaken bad «a moke a total of 24 agamies <lagJ20mia> 
aad eshaM the make through aa oaewey-valve am the expaaun 
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looted bv 4-dtaesaooal ehrotMtoprephy oa PEI-ceUulow lU. 
(Keen (MichereyNtpel. DOres. FRO). The piau* were ftra de¬ 
veloped with 1 M aodiun pbotpbite. pH 6.0. to wish polar x trtuft - 
frue audeoode* on to a paper wick. The poper «dck wa* moved 
sod the plaice w e r e developed ipu is 3 J M btfaium formate. 
8J M ores. pH 3 J. and after turnup tbe pitta 90* is 0.1 A# Kthma 
chloride. OJM Th»-HQ aod 8.5 M urea. pH 8.0. Sub a oqu esdy 
tbcplateswcre developed u> 1.7 M wdiua pbotpbsu oo to a 
paper wtek apis to lower the back pro usd activity os the plaiea. 
The a ddocB were detected by terees mtesaSed avtoradioprepby 
for 72 b at -KTC (Xoour 3. Kodak. Aodtexter. NY. USA). 


Tobacco smoke expoaur* of the subjects is dearly re¬ 
flected in significant increases in carboxybetnoglobin 
(COHb) after the ft-h exposure sessions. On Day 3 of the 
study. COHb increased by 7.1% in the active smoken 
and by 2.2% in the passive smokers. Tbe corresponding 
increases for Day 5 were 7.7 and 2.6% . 

The cells of aU probands showed various DNA adducts 
which exhibited interindividual differences in amount 
and chromatographic behavior but were unrelated to 
smoking (sample A). After the first 8-h period of smok- 
ing additional DNA adducts appeared in samples of all 
smokers (sample B). These smoking related adducts var- 
ried individually (Fig. 1). In monocytes from sample C. 
(i.e. after a 40-h nonsmoking period), these additional 
adduces had disappeared, while tbe nonsmoking related 
adducts remained. After the second 8-h smoking experi¬ 
ment the additional adducts were detected again in sam¬ 
ples of three smokers (Fig; 2). Nonsmokers exposed to 
ETS (passive smoken) did not show any additional ad¬ 
ducts. There was no difference between samples taken 
after exposure to the gasphase only (sample B) and taken 
after exposure to total ETS (sample D). 


Dlsrnieinn 

Smoking caused DNA adducts in peripheral blood mono 
cytes of active smokers. Passive smoking did not lead to 
similar adducts. Since tbe samples were analysed using 
the nuclease PI enhancement method it can not be con¬ 
cluded that passive smoking did not cause any DNA ad¬ 
ducts at all. Nudease PI also depbosphorilates nucleo¬ 
tides carrying smaller and rather polar addicts- which 
for instance may arise Ate to tobacco specific nitrosa- 
tnines. Therefore by the method used here, predomin¬ 
antly PAH derived or other bulky adducts art likely to 
be detected. Smoking-related DNA adducts in mono¬ 
cytes had already disappeared after a 40-h nonsmoking 
period. This is probably due to the relative short lifespan 
of blood monocytes (tyj ■ 8 h) [7] in the intravascular sys¬ 
tem and might explain why other authors [10, 11] were 
not able to detect differences between smokers and non- 
smokers on peripheral blood leucocytes. Studies on lung 
tissue [12] and mouse skin [13] have shown a rather long 
half life of bulky DNA adducts, so that is unlikely to at¬ 
tribute the observed rapid disapearence of smoking-re¬ 
lated adducts to a fast reacting repair mechanism in 
human monocytes. 


All samples exhibited adducts not related to smoking 
(sddUcts 4-7). Similar adducts were not observed in fi¬ 
broblast DNA. probably because these cells are culti¬ 
vated under standardized conditions..and!because pre¬ 
existing adducts were diluted by multiple cell prolifera¬ 
tion. Monocytes seem to mirror tbe actual amount of 
genotoxie stress and showed DNA adducts level in' al¬ 
most all samples analysed in our laboratory. Tbe addbev 
1,2 and 3 (Fig. 1). however, which wen found in almost 
all samples analysed in this study could also be found in 
fibroblast DNA*. while calf thymus DNA never showed 
these spots. Therefore we assume that culture conditions 
may have caused these adducts. In addition, aince their 
provenance remains finally unexplained, we do not make 
any attempt here to speculate about variable intensities 
of these spots. Other adducts in monocytes unrelated to 
smoking, however, must be either rather fast developing 
adducts since monocytes display a fast turnover in blood, 
or may represent pre-existing adduct levels in monocyte 
stemcells. Both, smoking-related adducts and unrelated 
adducts exhibited inuaindividua! variations. This could 
be explained by genetically determined differences in 
the amounts of various enzymes being: responsible for 
metabolic activation or detoxification of exogenous and 
endogenous substances in the cell [3.4,8,9]. 
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y ^Tobacco smoke is highly genotoxic and produces chromosomal damage in several experimental system# 
■ Active smokers have been shown to have an increased prevalence of somauc chromosome damage in their 
peripheral blood lymphocytes: this is seen in most cases as an increased sister-chromatid exchange (SCEl 

( frequency and often also as increased structural chromosome aberrations (CAs) Among passive smokers, 
in association with exposure to environmental tobacco smoke, no such induction of chromosomal damage 
has been documented. In the present paper we report negative results on induction of chromosomal 
dkmage in 2 separate groups of intensive involuntary exposure to tobacco smoke, non-smoking restaurant' 
personnel and newborn children of smoking mothers. While significant exposure in these groups is clearly 
seen in biochemical intake markers. e.g con rune and thiocyanate values in plasma, the conventional! 
cytogenetic parameters, structural chromosome aberrations and sister-chromatid exchanges, arc unable to 
delect the low exposures of involuntary smokers. 


Most in voluntary smoking occurs through ex¬ 
posure to environmental tobacco smoke (ETS). 
ne.. passive smoking The chemical and biological 
characteristics of ETS have been discussed in this 
volume by Lhfroth. Claxton and collaborators. 
Transplacental exposure of the unborn child is 
also, in fact, involuntary even if the chemical 
composition of the exposing agent, tobacco smoke, 
is different from ETS; it mainly consists of the 
transplacental components of main-stream smoke 
inhaled by the actively smoking mother. 


Corretpondence Dr M.tj. Soru Inituu.e of Occvpenon.l 
Health Topeliulttmk«iu el |A. Sf J0.50 HcIuaIi (Finlindl 


The well-documented genotoxic character of 
tobacco smoke condensates and 1 all forms of 
tobacco smoke, main-stream, side-stream and en¬ 
vironmental tobacco smoke in experimental condi¬ 
tions (see e.g.. lARC. 1986; Claxton. et a)., this 
volume), also makes the exposure measures that 
are specific to the genotoxic character applicable wj 
in the natural exposure situation. In this report. q 
we especially discuss the use of cytogenetic ex- jPj, 
posure measures. i.e.. structural chromosome aber- gj 
rations (CAs) and sister-chromatid exchanges rj 
(SCEs) in peripheral blood lymphocytes, to detect m 
involuntary exposure to tobaccojjjooke in heavily ^ 
exposed passive smokers and in new-born babies CJ 
of smoking mothers. ff) 
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Subjects and methods 

The occupationally exposed group comprised 
16 non-smoking waiters and 9 smoking waiters 
working in a night restaurant where there was no 
restriction'in smoking As controls. 7 non-smoking 
persons without obvious recent or past exposure 
to environmental tobacco smoke were included. A 
detailed description of the work-site restaurant 
(restaurant B) of the subjects was given in an 
earlier publication (Husgafvel-Pursiainen et all. 
1986). The non-cytogeneuc exposure parameters 
of the subjects (together with personnel from 2 
other restaurants) have been described (e.g.. 
cotinine. thiocyanate, carboxyhaemoglobtn) in 
Husgafvel-Pursiainen et al. (1987) and the detailed 
results of the sister-chromatid exchange analysis 
by Husgafvel-Pursiainen (1987). 

The present paper reports the analysis of chro¬ 
mosome aberrations in these same subjects and 
discusses tbe individual concordance of the 2 cyto¬ 
genetic parameters. CAs and SCEs. 

For the CA analysis the whole-blood microcul- 
ture method was used with a 50-h culture time 
(see Maki-Paakkanen et a).. 1980 for details) The 
scoring was performed on coded slides by an 
experienced analyst counting 100 metaphases per 
subject. 

The SCE frequencies of the transplacemally 
exposed group were studied from cord-blood sam¬ 
ples taken at delivery. To avoid methodological 
variation between culture periods, a large batch of 
culture medium, including bromodeoxyuridine (20 
l»M: Calbiochem). phytohemagglutinin (1%; Well¬ 
come). penicillin (100 units/ml) and streptomycin 
(100 pg/ml) in RPMI 1640 (Gibco) supplemented 
wnh 15* fetal calf serum (Gibco) was prepared 
for the whole study and stored at -20*C. The 
sister-chromatid exchange analyses were per¬ 
formed on duplicate cultures harvested and stained 
according to standard procedures (see Husgafvel- 
Pursiainen. 1987). scoring on codes. SO second 
meuphases per individual. 

The mothers were interviewed for their smok¬ 
ing habits and possible passive exposure a few 
days after the delivery. The group consisted of 17 
actively smoking mothers and their newborn 
babies and 25 non-smoking mothers and new¬ 
borns; only 7 of the non-smoking mothers de¬ 


scribed some exposure to environmental tobacco 
smoke The biochemical intake markers measured 
from both the maternal and the cord-blood plasma 
samples were cotinine and thiocyanate; the ana¬ 
lytical results and their discussion are reported 
separately (Sorsa et a)., in preparation). In. the 
present paper we discuss the findings of mater¬ 
nal-child correlations of SCEs in association with, 
the smoking status of the mother. 

Results and discussion 

Chromosomal damage in passwelv exposed res¬ 
taurant personnel 

Non-smoking personnel working in indoor res¬ 
taurants without restrictions of smoking of the 
public or personnel probably represents one of the 
groups most heavily exposed to ETS at work. The 
environmental monitoring data, including analysis 
of polyaromatic compounds, total particulate 
matter and genotoxic activity of paniculate sam¬ 
ples. from typical night restaurant show high levels 
of contamination of the indoor air (Husgafvel- 
Pursiainen et al.. 1986); The biochemical intake 
markers of tobacco smoke. i.e.. cotinine and thio¬ 
cyanate. also show significantly increased values 
in the passively exposed restaurant personnel as 
compared with non-exposed persons (Husgafvel- 
Pursiainen et al.. 1987). Still, these intake markers 
are only a few percent of the values found in the 
actively smoking group of waiters (Fig 1); 

Both chromosome aberrations and SCEs were 
analysed in a total of 32 subjects (Table 1. Fig; 2V 
No significant differences were seen between the 



frequence among restaurant personnel as evaluated on the 
basis of individual values us iotas SCE/ctU thiocyanates 
< e molt/I i in plasma (P-SCN land number of agamica smoked : 
daily. 
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TABLE 1 

MEAN LYMPHOCYTE SCEi AND MEAN PERCENTAGE OF LYMPHOCYTES WITH CHROMOSOME ABERRATIONS IN 
DIFFERENT SMOKING CATEGORIES 


Smoking tutus 

Number of 

ttbjftCU 

Mean SCEi 
/cell < * SD) 

9 ftberrtm cell* 
rincl pps iSD> 

Active smoken 

9 

•Cl s V.I9 

5 0s 17 

Non-smoker* 


• 


PftutvtK txpoftftd cfimokm 

9 

• 14 j 0.76 

46*31 

FftUivety vRpotftd never ~«nokcn 

7 

• OC 1 0.62 

2 7x 1J 

NOMRpOftftd 

7 

7.47 x 0S9 

3.7x16 


groups or subgroups in the 2 parameters, neither 
was there any correlation at the individual level. 
In i the total material. SCEs of the smoking waiters 
were significantly increased in comparison to 
non-smoking persons in the study (Husgafvel-Pur- 
stamen. 1987). However, a dear trend tn the prev¬ 
alence of chromosome aberrations, especially in 
chromosome-type aberrations, is seen in the group 
of ex-smokers (mean non-smoking time after ces¬ 
sation of smoking was 9.6 ± 6.8 years: range 1-23 
years) and smokers (Table 2). The difference is 
significant iP <0.05) when all never-smokers (n 
- 17) are compared with current and ex-smokers 
(n - 18 )j However, in the larger population 
(Husgafvel-Pursiainen et al.. 1987). neither cotinine 
nor SCE values of passively exposed ex-smokers 
(L’-cot mean 52 as 27 ng/ml. SCE mean 72 ± 1.3. 
n - 12) differed significantly from the valites of 
never-smokers (L’-cot mean 60 ± 44 ng/ml. SCE 
mean 8.6 a 1-1- n ** 15 )j 

The significance of chromosome-type aberra¬ 
tions and rearrangements has been stressed earlier, 
since they are independent of age and sex and are 

•i- 

■ 

I 


D * - ■ , * 

ft J ft ft 10 i U 

KC 

Fig 2 Relationship of structural chromosome ftbcrrstions end 
SCEs (r*0.019. Don-uftjuftcsru) among the group of res¬ 
taurant personnel (see Fig It 


positively correlated with the duration of smoking 
(Vijayalaxmi and Evans. 1982: Obe ei al.. 19841 
Littlefield and Joiner. 1986). The result also indit 
cates the persistence of fesions leading to chro¬ 
mosome-type aberrations in persons who stuped 
smoking years ago In comparison, the SCEs in 
peripheral lymphocytes of smokers decrease to 
normal tn a few months after stopping, smoking 
(Sarto et al.. 1987). 

Fetal exposure to tobacco smoke 

The hazards of maternal smoking to the normal 
development of the fetus have long, been known 
(see e.g.. National Research Council. 1986). Risks 
of spontaneous abortion, preterm binhs. prenatal 
deaths and low full-term birth weights have been 
associated with, maternal smoking during preg¬ 
nancy (SUrgeon General. 1986). A recent case- 
control study suggested an. association between, 
maternal smoking and increased risk of childhood 
malignancies (Stjemfeldt et al.. 1986). Lowering of 
birthweight has also been associated with heavy 
passive exposure of the mother id ETS (Martin 
and Bracken. 1986; Rubin et al.. 1987); and fetal 
exposure caused by maternal passive smoking has 


NUMBER OF CHROMOSOME-TYPE ABERRATIONS IN 
SMOKERS. EX-SMOKERS AND NEVER-SMOKERS * 



Smoker* 

Ei-tmokm 

Never rimoker* 

Dtccmncs 

Other 

1/900 

3/900 

1/1400 

rcftrrftAgemenu 

2/000 

2/900 

1/1400 

Rrcmki 

S/900 

D/900 

7/1400 

Tou! 

ID/900 

14/900 

J ’9»»400 


* Number of aberrant crlU/crlk iMlwd 


TABLE 2 
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been documented by the detection of cotinine in 
amiuouc fluid samples (Andersen et al . 1982). 

In the present study, we report the sister-chro¬ 
matid exchange results in cord-blood samples 
taken during delivery of actively and passively 
exposed smokers and non-exposed non-smokers 

Biochemical intake markers measured from 
maternal peripheral blood just before delivery and 
from cord blood just after birth of the child showed 
transplacental concentrations of these tobacco 
smoke constituents to be at nearly the same level 
as in the mother. The correlation coefficient of 
maternal-cord-blood plasma cotinine was r» 0.81 
(P < 0.001; 11 pairs) and for plasma thiocyanate 
r - 0.92 (P < 0.001; 17 pairs). 

As expected on the basis of earlier studies, 
smoking mothers had significantly (P < 0.01) in¬ 
creased SCE values (range 7.5-10.8; mean 9.0 ± 
0.9; n - 17) as compared with non-smoking 
mothers (range 6.7-8 9; mean 8.1 ± 0.9; n - 25). 
A dose-effect correlation was seen both for plasma 
thiocyanate value and for the number of cigarettes 
smoked daily (Fig. 3A). 

Only 7 of the non-smoking mothers said in the 
personal interview that they had been exposed to 
ETS because of spouse's smoking However, no 
significant increase of SCEs was detected in this 
group of passive smokers; the mean was 8 4 ±1.0 
as compared with 7.9 ± 0.9 of the non-exposed 
non-smolung mothers (n - 18 )j 

On the basis of the biochemical intake markers, 
however, the small group of passively exposed 
persons were exposed at their homes only mini¬ 
mally. All of the mothers had been out of occupa¬ 
tional ETS exposure about one month before de¬ 
livery during their maternity leave. 

The SCE rate in the cord-blood samples was 
significantly lower (mean - 6.0 ± 0 j 5: n - 43) than 
in maternal samples (mean ■ 8.4 ± 0.9; n - 42). 
We reported earlier also (Husgafvd-Puniainen et 
al.. 1980) that young children (mean age 1.3 years) 
have significantly lower SCE rates than adults. In 
earlier studies of smoking mothers and their new- 
born children no effect of smoking on SCEs was 
observed in maternal blood, while these studies 
also reported lower mean SCE rates in cord-blood 
samples (Ardito et al.. 1980; Seshadri et al.. 1982): 
A possible source of discrepancy in the maternal 
SCE values of smokers vs. non-smokers is the 


S-o-- S 
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Fig 3. Allocution of individual mean SCE to ihiocyana 
concmuauon <pnok/1) in piaima (P*SCN> and maicm 
smoking (number of ogartncs/day) in groups of imoking ar 
non-smoking mothm fAi and ne» bom children i gj in A if 
P-SCN and SCE were determined from peripheral blood ar 
in I from cord blood 


bromodeoxyuridine concentration used dunn 
culturing, as shown by Lundgren ct aJ. (1987) 

In transplacen tally exposed children no signifi 
cAnt effect of maternal smoking on SCEs wa 
observed (mein 6.1 ± 0.5 in babies of smolun 
mothers vs. 5.9 ±0.5 in babies of non*smokin 
mothers). In the individual values, however, 
dear trend of heavy maternal smoking can b 
seen; children with the highest plasma thiocyanat 
values tend to have higher SCE rates than duldre: 
of mild smokers and oonTsmokers (Fig 3B). a) 
though this difference is not statistically sigmfi 
cant Neither was there any correlation betweei 
maternal SCE value and cord*blood value, evei 
though cotinine and thiocyanate concentrations n 
plasma showed highly significant correlations be 
tween maternal and cord-blood samples 

Several hypotheses can be presented to explai 
the low SCE rate in cord-blood lymphocytes: eithe fO 
the lymphocyte population responding to ih O 
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mitogen stimulus is different in its SCE response 
in children and adults, or transplacenul exposure 
to exogenous SCE-mducing agents differs from 
the maternal situation with regard to effective 
concentrations and long enough exposure time 
during the fetal period. 

Recently accumulated evidence associates in¬ 
voluntary exposure to environmental tobacco 
smoke with health effects in non-smokers: this has 
been most ckarlv shown for respiratory organ 
infections among children exposed to parental 
smoking and for a small increase of lung cancer 
nsk among non-smoker spouses exposed to ETS 
caused by the otheT spouse's smoking (Surgeon 
Generali 1986: National Research Council. 1986) 
The biochemical intake markers usually show pas¬ 
sive smokers' exposure to be only a few percent of 
the values found among active smokers (see e:g . 
Jarvis et a) . 1984, 1985: Sorsa et al.. 1985). In 
newborn children exposed transpiacenuUy. the 
biochemical intake markers show valties at nearly 
the same level as in their mothers, still the fetal 
exposure time is only a few months, 

The cytogenetic damage, well documented 
among active smokers (see e.g.. 1ARC. 1986). can¬ 
not be shown to be associated with involuntary 
exposure to tobacco smoke in either of the two 
exposure situations studied, occupational or trans¬ 
placental. The obvious insensitivity of the cyto¬ 
genetic parameters may panly be dtie to their 
unspecificity in relation to any single compound. 
Also, tobacco smoke exposure may be confounded 
by other potentially genotoxic agenu in the em 
vironmenti 
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Sister-chromatid exchange frequencies were measured in peripheral lymphocytes of 12 cigarette smokers* 
20 passive smokers, and 14 non-smokers with no regular exposure to tobacco smoke. All active and passive 
smokers worked! as waiters and waitresses in restaurants. 

! The passive smokers showed neither an increased mean SCE value norjin^increased number of high SCE 
i frequ ency cell (HPCs) when compared to non-exposed non-smokers ./fhe i ncidence of SCEiRnd HFCs wal 

jp^sario^c^ie^ ^ ^ 

The proliferation rate of lymphocytes in whole blood cultures from the different exposure groups was 
also studied. The proportion of cells in first mitosis was lower and the mean replication index (RI) higher 
among the smokers than among non-smoker controls. However, no significant correlation was observed 
between the individual mean SCE and the replication index. 


Recently, 1ARC (1986) evaluated the literature 
and concluded that tobacco smoke is carcinogenic, 

I and its activity in various short -term tests could be 
I substantiated. Cigarette smokers show an increas¬ 
ed frequency of sister-chromatid exchanges in 
peripheral blood lymphocytes as compared with 
non-smokers. The increase in SCE has been 
reported to be dose-dependent with the amount of 
smoking (Lambert et at, 1978; Murthy, 1979; 
Hopkin and Evans, 1980; Carrano, 1982; HUsum 

Correspondence: Dr. Kinti Hustsfvd-Purtiftinen, institute of 
Occupational Health. Topdiuksenkaiu 41 a A; SF-002! > 
Helsinki (Finland). 


et all, 1982; Livingston and Fineman, 1983; 
Husgafvel-Pursiainen et a!., 1984; Wulf et a!., 
1984). 

The exposure to tobacco smoke is not limited to 
those who smoke, but also non-smokers may be 
exposed to tobacco smoke generated' in. the en¬ 
vironment by smokers. Environmental tobacco 
smoke mainly consists of sidestream smoke, which 
is emitted from the burning tip of a cigarette, 
whereas mainstream smoke is inhaled^and partly 
exhaled, by the smoker. Although the exposure of 
non-smokers to chemically altered forms of tobac¬ 
co smoke differs to some extent from that' of 
smokers, many carcinogenic and mutagenic com- 
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pounds have been identified in higher concentra¬ 
tions in 1 sidestream smoke than in mainstream 
smoke (e.g. U.S. DHHS, 1982). Furthermore, 
severe effects on health, similar to those found in 
active smokers, have alio been associated with 
passive smoking (see IARC, 1986, for review). 

The illustrated dose-dependence of SCE in¬ 
creases in active smokers implies that the biological 
effects of a constant low-level exposure to the com¬ 
bustion products of tobacco in passive smoking 
could be detected by similar methods. The ob¬ 
served increase in the lymphocyte SCE of heavy or 
moderate cigarette smokers has, however, been 
small 1 - approximately 10-309* of the non-smoker 
values. 

Passive smoking also constitutes a health prob¬ 
lem'in places of work. In addition to known ir¬ 
ritative characteristics of environmental tobacco 
smoke (Weber, 1980; U S. DHEW, 1979). the 
studies linking passive smoking with lung cancer 
and other types of cancer have extended the prob¬ 
lem in the work environment (U.S. DHHS, 1982; 
CoUishow, 1984; IARC. 1986). 

This study investigates the incidence of SCEs in 
passive smokers as compared to that of cigarette 
smokers and non-exposrd non-smokers. The 
passively exposed group consists of waiters and 
waitresses, most of whom have been working in 
smoky restaurants for several years. 

In addition, proliferation of lymphocytes in 
whole blood, cultures from the different exposure 
groups was studied. 

Subjects and methods 

The SCE analysis was performed in one group 
of smokers and two non-smoker groups. The 
smokers comprised 1 12 waiters and waitresses 
(3 men 1 and 7 women; mean age 34.7 yean, S.D. 
11J; cigarette consumption range 7-40 cig./day, 
mean 22 cig./day). The passively exposed nonr 
smoker group consisted of 20 waiters and 
waitresses (6 men and 14 women; mean age 
38v2 yrs, S.D. 9.5) who worked 40 ± 5 h per week 
in 3 restaurants, which were heavily contaminated 
with tobacco smoke: 14 non-exposed office 


workers (2 men and 12 women; mean age 42 .] 

S.D; 8.6) with no reported passive exposure*^ 
at work or at home (4 individuals reported 1 j H)ft 
occasional passiveexposure during working;!^™ 
were included as controls. At the time of blo^ 
sampling, health and occupational histories ^ 
obtained from personal interviews; the question, 
naire data included information about sex, ^ 
smoking status, estimation of exposure to ^ 
vironmental tobacco smoke, medication, radio, 
tion, recent viral infections, vaccination, diet and 
other life-style factors. 

Blood samples were collected from 1 the controls 
in the afternoon and' from the waiters and 
waitresses in the evening, after 3-5 h of work. 
Whole blood cultures were set up in RPMI 1640 
medium (Gibco) supplemented with 159k fetal calf 
serum (Gibco), 0.039k t-glutamine, 100 unus/mf 
penicillin, 100 jig/ml streptomycin, 19k phyto- 
haemagglutinin (PHA; HA 15, Wellcome)'and 1 
5-bromo-2-deoxyuridine (BrdUrd; Calbiocbem) at 
a final concentration of 15 *M. Two replicate 
cultures were prepared from each sample and in¬ 
cubated at 37*C in the dark. At 64 h; cokemid 
(Gibco) was added to the cultures for 2 h. The air- 
dried! slides were stained using a modified 
fluorescence plus Giemsa technique (Htisgafvei- 
Pursiainen et al., 1980). 30-50 differentially stain¬ 
ed metaphases each with 45-46 chromosomes were 
scored for SCEs per sample on coded slides by one 
person: The proportions of cells in first, second 
and third or subsequent mitoses were obtained by 
scoring 100 metaphase cells. To obtain the mitotic 
index, the number of mitoses were scored in 1000 
lymphocytes per subject. Statistical evaluation was 
carried out using f-te$t, x 2 -test and linear cor¬ 
relation. 




Results 


Fig. 1 shows the individual mean frequencies of 
SCE per cell and the range of SCE means in each 
group: The group mean among the active smoker 
was 9.06 SCE per cell (S.D. 1.1) which wa.* 
significantly higher (PcO.Ol, 2-tailed r-test) thar 
the mean SCE in the non-exposed non-smokei 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnx0000 
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Fig. I. The frequencies of SCE in lymphocytes of individuals 
with different degrees of smoke exposure. ■. cigarette 
smokers; •, non-smokers exposed to environmental tobacco 
smoke at work; O. non-smokers exposed both at work and at 
home; a , non-exposed non-smolets Ear. indicate the means 
for each group 


group (7.87 SCE per cel). S.D. 0.68). The mean 
SCE level in exposed non-smokers (7:92 SCE per 
cell, S.D. 0.6S) did not differ from that observed 
in the non-exposed group. The incidence of SCEs 
in the smoker group showed a dose-dependence; 
the mean frequency in smokers who reported 
smoking more than 20 cigarettes per day was 9.4 
I (S.D. 0.8), and 8.6 (S.D. 1.5) in those who 
reported lower daily consumption (10—19 cig.). 

To evaluate further the induction of SCEs 
related to tobacco-smoke exposure, a high fre- 
' quency cell analysis was performed for each group 
! on the pooled SCE scores (Carrano and Moore, 
1982; Moore and Carrano, 1984). Based on the 


TABLE i 

HIGH FREQUENCY CELLS (HFCt. CELLS WITH a 13 
SCEt) IN FOOLED CELL POPULATIONS FOR 3 EX¬ 
POSURE GROUPS _ 

Exposure group Number of MFCs Number of eelU 

with < 15 SCE* 

Active smokers 21* 332 


Passive smokers 15 5S5 

Non-exposed non* 

smokers lb _ 404 __ 

•p < 0.03. compared with the non-expoted controls, y’-tew. 


pooled SCE data, the active smokers showed 
28 HFCs (iie. cells with 15 or more SCEs) as com¬ 
pared to 16 HFCs among the passive smokers and 
15 HFCs among the non-exposed control! 
(Table I). The difference between, the active 
smokers and the controls was significant (x’-test), 
but the number of HFCs in the passively exposed 
group did not deviate significantly from that of the 
non-exposed group. 

Since most of the subjects in the study were 
women, the effects of active and passive tobacco 
smoke exposure on SCE frequency were examined 
when the data from the males were excluded. 
A very similar result was obtainedt the mean SCE 
was 9.1 SCEs per cell for actively smoking women, 
8.0 SCEs per cell for passively exposed womenand 
7.9 for non-smoking control women. 

The proliferation rates of cells in the cultures 
was studied both as proportions of cells in First, 
second or third (or subsequent) mitosis and as a 
replication index derived firome these data. Non- 
smokers had significantly more lymphocytes in 
first mitosis than the smokers, i;e. lymphocytes of 
smokers showed a faster rate of proliferation in the 


TABLE 2 

MEAN LYMPHOCYTE CONCENTRATIONS. MITOTIC 
INDICES. DISTRIBUTION OF lit (M,|. 2nd <M,) AND 3rd 
OR FURTHER (M,.) METAPHASES. AND REPLICA¬ 
TION INDICES IN WHOLE BLOOD CULTURES 



Active 

smokers 

Passive 

smokers 

Control 

non-smokers 

Lymphocytes/ml 




culture ( x 10 s ) 

K79 

1.60 

1.13 

Mitotic index 

3* 

31 

3i5 


Distribution of 
(*) 


M, 

149 

I4J 

23.1 

Mi 

33 5 

344 

32 4 

M 

SI.S 

4S.7 

44.4 

Replication index* 

24 

2.3 

2.2 

1 X M| 4 

2 x M| 4 

3 x M). 


•RH * *. • 

— 




I0U 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnx0000 


2023381371 





214 


—culture conditions. Again, the values of the passive 
smokers were between smokers and non-smokers. 
For the smokers, the mean lymphocyte count in 
peripheral blood was 3.57 x IO*/l, and for the 
passive smokers and the non-smoking controls 
3.19 x 10*/I and 2.57x10*/!, respectively. Conse¬ 
quently, the mean number of lymphocytes per 
whole blood culture for each group was different 
(Table 2). When the data from the 3 exposure 
groups were pooled, no significant correlation was 
detected! between the individual SCE frequency 
and the white blood cell count or the lymphocyte 
concentration in the cultures. Furthermore, neither 
the mitotic index (Ml) nor the replication index 
(RI) correlated significantly with mean SCE fre¬ 
quency (SCE vs. MI, r * 0.004; SCE vs. RI, r « 
0:13). 

Discussion 

In this study, no significant increase was ob¬ 
served in the lymphocyte SCE level in the group of 
non-smokers with a long-term passive exposure to 
tobacco' smoke. The mean SCE frequency of 
cigarette smokers was significantly increased com¬ 
pared with both the mean SCE of passive smokers 
and that of the non-exposed non-smokers. 
Analysis of the data using the high frequency cell 
method similarly revealed only an increase in the 
smoker group, as shown previously (Carrano and 
Moore, 1982; Husgafvel-Pursiainen et all, 1984); 
the number of HFCs in the passive smokers did not 
differ from the pooled baseline value. 

MOrimoto et al. (1984) have reported that the 
lymphocytes of passive smokers are more sensitive 
to the induction of SCE by mitomycin C treatment 
than the lymphocytes from non-exposed non- 
smokers. On the other hand, no difference in 
baseline levels of SCEs between the exposure 
groups was observed. 

Various biochemical intake measures have 
shown that the passively exposed smokers are ex¬ 
posed to a significantly greater extent to tobacco- 
smoke constituents than the control non-smokers 
(Jarvis et al., 1984; 1985). For the present passive 
smokers, the concentrations of plasma thiocyanate 


as well as the tobacco-specific plasma and urin^ 
cotinine were increased as compared with the no^ 
exposed controls (Husgafvel-Pursiainen et 4 
1986a). In addition, the air-samples taken from tfe 
restaurants where the passive smokers worked' 
were found to induce mutations in bacterial test} 
and SCEs in cell cultures (Husgafvel-Pursiainen q 
al., 1966b). Thus the exposure status of the 
passively exposed subjects is well documented. 

In the present study, the smokers had, as a 
group, the highest mean value of both'SCE and 
Ell The individual mean SCE/cell frequencies 
were not, however, dependent on' RI: suggesting 
that proliferation rate of the cells in culture does 
not influence SCE frequency. A similar lack of 
correlation was recently found by Dewdney et al. 
(1986) in a SCE study of 106 subjects, by Spehet 
al. (1986) in repeated cultures, and by Parkes et al. 
(1985). This is in contrast to the findings of a 
negative correlation by Lindblad and Lambert 
(1981) and by Lamberti et al. (1983): showing that 
slowly proliferating lymphocytes have higher SCE 
values, as suggested also by Snope and Rary 
(1979). A positive correlation between a statistical' 
transformation of SCE/cell and'RI was reported 
by Wulf et al. (1986). 

By examining 3 groups of individuals with dif¬ 
ferent degrees of tobacco-smoke exposure, this 
study did not find an influence of passive exposure 
on mean SCE level or number of HFCs in 
20 waiters and waitresses. The cigarette smokers 
in the study did, however, show the highest mean 1 
SCE and RI as well as the highest number of HFCs 
as a group. The negative result of the present study 
suggests a need for a larger study population to' 
detect this type of low-level exposure. 
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SUMMARY 

. An Inhalation No w ay with Syrian foWen Simper * h hehiy conducted to evaluate the losle and ear* 
ctnogenic potential of dprttie sid e stre am imoke (SS) relative to mainstream tmoir (MS). A Hamburi 
II tmoliny machine H ased to deliver MS by now-only erpomre to hamper' and a modification allow' 
for the dmtd t aneoaa collection of SS for whole-hod? delivery to a different rack of animate. The 
tolerated foe of SS waa determined by vatyin y the air/smoke dilution' drawn thronyh the animal 
retirainen. Pre t itwia a ry data indicated that 20A carboryhemoyloNn fCOHh) could be obtained hr SS 
eipowd anifnaN without fatality. Optimum erpocure level' were determined. Monthly mraMtrement' of 
COHb. nicotine and cot Nine indicate that the SS-eepowrd animate are ahvwbing diyhtly hiyher amount' 
of these smoke constituents than the MS-e* posed hamsters. Tumor incidence and carcmoyenicitv data 
are beiny coHecled throuyh complete necrop s y and hhtoloyy protocols and uptake data continue to be 
collected. These studies should help eNddate the carcinogenic potential of SS which has hern suyyesied 
from its c omposition and from recent epidrmiolo y i ca l data of cancer Incidence in non-smokm. 


INTRODUCTION 

Sidestream smoke (SS) of tobacco products is a major pollutant of indoor at¬ 
mospheres. Available knowledge on Hs formation, chemical comportkm. and fate 
in the environment |l-4|, as well as clinical observations on selected population 
groups, have raised questions about the risk for development of chronic diseases 

* Presented at the Iw H twatlonal Experimental Taikolocr Symposium on Passive Smoking. October 
23-23, im. Essen (F RO. 

Abbreviations: COHb. c a r bos yhemoy loNn; MS. marmiream smoke; SS, 'idestrram 'make 
0371-4274 OS. JR f> Elsevier Science Puhli'beTS R.V. (Biomedical t>i*i'ion) 
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following exposure of non-smoker* to environmental tobacco smoke (ETS). Early 
Miidics have cmphaM/ctl subjective annoyance ami possible allay* rcaclmns or per- 
Mins exposed lo ETS |5. f»| while recall invcxtip.ilions Iwvc evaluated Hie possible 
correlation between ETS and an increased risk for cancer development in non- 
smoker* Several studies point to a positive correlation between UTS exposure and 
cancer risk |7-9) while other data bases have no! confirmed these findinps |9-I0|. 

While the toxicology and carcinogenicity of mainstream smoke (MS) have been 
studied extensively |I4-I5|. investigations into the carcinogenic potential of SS in 
animats arc needed. We present here comparative data on the uptake of tobacco 
smoke constituents by Syrian golden hamsters exposed to either MS or SS in a 
specially designed system. 

MATERIALS AND METHODS 

Sidestream smoke collection end delivery 

In MS inhalation assays, 10 Syrian golden hamsters received the mainstream 
smoke of JO cigarettes generated in the Hamburg II smoking machine and diluted 
with air at a ratio of 1:7 twice daily. Such exposures over several months have pro¬ 
duced reproducible carcinogenic changes in several studies lift. 17). 

Foe SS exposure a 40-cm’ collection chamber made of plexiglass was mounted 
above the rotating head of the Hamburg II machine. The collected SS was drawn 
through a barite assembly and delivered via lygon tubing lo the hamsters who resid- 
ed in plexiglass lubes identical lo those used for MS exposure. However. MS ex¬ 
posure is nose-only, so that uptake is only by inhalation while the SS exposure 
system draws smoke through each lube, exposing Ihe animal by both inhalation and 
physical contact. The exit of each exposure tube is connected to a vacuum manifold 
such that the flow rale can be regulated. 

The dose of SS delivered lo the animals and the air dilution can b< adjusted by 
varying the height of the collection chamber from the burning cones of Ihe cigarettes 
and by adjusting the speed of the pomp. 

Mainstream and si d est ream amok* exposure protocol 

Preliminary experiments were conducted lo establish Ihe dose of SS which would 
be tolerated by the animals. The hamsters were then gradually exposed to MS or 
SS over a 6-week period. The full exposure regimen was carried out twice each day 
for a total of 24 months. Animal, which fell ill during the exposure period were kill- 
ed and necropsied. Al the completion of the experiment, all animals were killed and 
necropsied |I7). 

( Total pankvtate matter and nicotine delivery 

Total particulate mailer (TPM) and nicotine were trapped on Cambridge filter 
pads placed al ihe eaH of Ihe SS exposure lubes. To ensure that nicotine was trapped 


^ersecsoz 


■5 


from both gas phase am) paniculate phase, the niters were pre-treated with 0.01 N 
potassium bisttltalc. The TPM trapped on ll* Tiller pads during a single round of 
smoke exposure was determined gravimdrurally; nicotine was quant tinted by gas 
chromatography after placing the Cambridge Otters in 5 ml methanol hasified with 
0.1 N sodium hydroxide. 

Uptake of tobacco smoke components 

During the experimental protocol, animals were tested each month to assess the 
uptake or nicotine and COHb by the treatment vs. control groups. Illood was col¬ 
lected from the orbital sinus of 3 animals in each group. Different animats were 
tested each month to minimize stress induced by repeated eye bleeding. 

Nicotine and cotinine were quantitated in plasma by a modified radioim¬ 
munoassay (RIA) |18-20). Coefficients of variation for these assays were ft** with 
sensitivity of accurate measurements set at I ng/ml. 

% COHb was determined spedrophot©metrically with an IL-282 CO-oximctcr 
(Instrumentation Laboratories). Calibration with certiTied standards and quality 
control yielded reliable analyses with a daily variation of less than l*V 

RESULTS 

The highest concentration of sidestream smoke tested was that generated by 30 
cigarettes and diluted with 10 l/min of air. This exposure was not well tolerated: 
animals exhibited loss of balance and had COHb levels averaging 289k. Larger dilu¬ 
tions provided tolerable COHb levels and acceptable indications or nicotine uptake 
(Table I). 

On the basis of the preliminary tests It was decided to acclimatize the animats to 
SS at a dilution or 20 l/min over a 6-week period. The hamsters maintained body 
"tight or grew during the first 8 months of this bioassay. No differences were 
observed between the exposed groups and controls. 

The measurements of TPM and nicotine delivered in each round of exposure to 
an individual hamster are given in Table II. The SS data art averaged from nine 


TABLE I 


EFFECT Of CONCENTRATI ON OP S IDESTREAM SMOKE 


Ak dthrtkm 

COHb 

Ntrttfto* 

;1 

i 

i 

! 

of SS 

PM 

(ng/ml) 

IN) 

10 l/nto 

2t2 

50 XT 

5 

1$ l/mto 

15.1 

14.0 

4 

IS l/mto 

11.4 

10 

1 


# Taken Immediately fofkrwtog a stogie npomr to SS. Cotmtoe m not dH«nrd toimcdiatHy fnltowtna 
npotvrv. 
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table II 

TPM AND NICOTINE AS DF.I.IVERril) IN ONE BOUND Of FXPOStlBF 
So«ir« of smoke TPM (mg/hamster) Nicotine (mp/fcam*icv) 


111 

3 *.? * *.**• 


I 05 

l.*7 i 10.21 


• Mean valve of * determinations ft SO f%| 


determinations and the MS data are calculated from the delivery and dilution of 
smoke from 30 2RI cigarettes smoked on the Hamburg II smoking machine. 

Uptake of carbon monoxide and nicotine eras measured monthly. Fig. la il¬ 
lustrates average COHb levels observed in (tie exposed group and the sham-treated 
controls. Ocular bleeding was conducted approx. I h following exposure, which 
leads to large fluctuations In nicotine levels, since the biological half-life of this con¬ 
stituent is less than I h |I9|. Due to its longer half-life, the major nicotine 
metabolite, cotinine, is a more reliable marker of nicotine uptake, as shown in Fig. 
lb and c. 
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THE EFFECT OF SMOKE ACE AND DILUTION ON THE CYTOTOXICI¬ 
TY OF SIDESTREAM (PASSIVE) SMOKE 

(L-929 cells; cigarette design; cell death) 


GERALD SONNENFELD and DOROTHY M. WILSON 
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(AcrqXfd 15 Sct H tw b w . INK) 


SUMMARY 

Deere*** In the mortiRy of mono la yer nltam of L fW erfti ripened to iWntmm (passive) smote 
with increwm I* N*f fcff« rep o rte d. In the current M»dy. the cmcrMiiiNM of 

tk kMffi Hi tmtAt (SSI lo which cHh weft opoed «m directly cwrcbinl wiih r * mortality fr r n.9f T| 
h*vm| Oh mortality at a concentr a tion of 1.10% and a calculated mortality of 0W% at a concentration 
of 100%, The In of % mortality wat cot rel a ted with increase* In wwic aye (r« - Offtf) and the ref res- 
tkm cq«aiion «m ward lo c ik d i teO mo r t a lity at an ape of 30 1 and Jt)% mortality at the lime of smote 
feneration. In a ddit io n, when side s tre a m smote federated from a low-yield, filtered, modern dcsifn cv 
p c i inn wtal cifarette was compared with that federated from a Mfh-tar nod-rihered reference cifarette. 
a lower m o w bet of poffs of smote from the low-yield eif arctic thaw from the hifh tar cifarette »a« 
necessary to yieW 50% morta l ity of cHH. 


INTRODUCTION 

A peristaltic pump smoke exposure system ft| has been used to determine (he 
cytotoxic effects of SS smoke (passive smoke) on monolayers of murine L-929 cells 
|2|. The results of these studies indicated that a dose response for cytotoxicity of 
SS smoke existed, and that cytotoxicity of smoke decreased with increased dilution 
or aging of the smoke. 

In a study of the effects of SS flow rates on smoke concentrations and yield of 


* Presented al the Im ema liw oi l Experimental Tnxtrrtpfy Rympndom m Passive Smrtinp. October 
23-25, ISM, E*»m (F.R.G.). 
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SIDESTREAM SMOKE UPTAKE BY SYRIAN GOLDEN HAMSTERS 
IN AN INHALATION BIOASSAY 

Nancy Jean Haley, John D. Adams, Caryn M. Axel rad and Dietrich Hoffmann 
American Health Foundation, Valhalla, New York 1059V, U.S.A. 


Abstract 


An inhalation bioassay with Syrian golden hamsters is being conducted 
to evaluate the toxic and carcinogenic potential of sidestream smoke (S5) 
relative to mainstream smoke OlS) of the tame cigarette. This long-term 
bioassay utilises dilutions of smoke which do not cause acute toxicity in 
the animal. In each exposure, the SS instrument delivers 37 mg of tar and 
1.6 mg nicotine to each animal while MS nose only delivery provides 16 mg 
tar and 1.1 mg nicotine. Monthly measurements of carboxyhemoglobin (COHb), 
nicotine and cotinine have shown that S5 and MS exposed animals are absorb* 
ing tobacco smoke constituents. Survival! data collected! after 16 months of 
the bioassay indicate a higher mortality for SS exposed animals relative to 
MS exposed hamsters. 


Introduction! 




i 


I 


Sidestream smoke (SS) iis that fraction of tobacco smoke which is emitted 
from the burning end of a cigarette between puffs and! constitutes ai major 
pollutant of indbor air (1,2). Its chemical composition and environmental 
distribution have raised questions about the risk for development of dis¬ 
ease among exposed persons. Several studies suggest a correlation between 
exposure to other people’s smoking behavior and cancer risk (3,5) while 
other researchers have not confirmed this association (6). 

Inhalation studies on the carcinogenicity of MS have been conducted! on a 
variety of laboratory animals (7,6) while inhalation: studies with SS are 
limited. He present here data on a comparison study of MS and SS inhalla- 
tion with Syrian goHen hamsters. 

Materials and Methods 


Delivery of SS and MS to Animals 


The SS collection and delivery system used for this bioassay have been 
described previously (9). 

Briefly, the system utilises a 40 cm 2 collection hood which is mounted 
over the rotating head of a Hamburg II smoking machine. The diluted! SS is 
drawn through restraining tubes containing the animals and diluted MS is 
delivered by nose only exposure to another set of hamsters. The dose is 
adjusted by varying the dilution of the amoke before delivery to the 
animals. 

Animals are exposed twice daily, seven days each week. During each 
round of smoking, approximately 37 mg of total particulate matter and 1.9 
mg of nicotine are delivered to the SS exposed animals while the animals 
receiving MS are exposed to approximately 16 mg tar and 1.1 mg nicotine. 
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Sixty animal* began the protocol in the SS exposed group with an equal 
number receiving MS. Sham control* were utilised for both modes of inhala¬ 
tion. 

Uptake of Tobacco Smo he 

Animals were tested each month to assess the uptake of nicotine and 
COHb. Blood collected fro* the orbital ainus of 3 animals in each group 
was quantitated for X COHb* nicotine and cot mine levels. COHb was deter¬ 
mined! spectrophotometrically with an IL-282 Co-oximeter (Instrumentation 
Laboratories). Nicotine and! cotinine were quantitated by radidiwsunoasaay 

(iria) (io*n). 

Results 


Preliminary tests determined the optimum dilution for SS delivery to be 
13 1/rnin, a level which was tolerated by the animals and presented minimal 
acute toxic effects* The bioassay began with an acclimatisation phase dur¬ 
ing which animals were gradually exposed to increasing amounts of SS or MS 
and sham treated! animals were held in clean instruments for increasing 
amounts of time. 

The average uptake of CO andi nicotine is reflected in percent COHb ss 
well as the amount of cotinine present in plasma. The levels found in MS 
or SS exposed animals are shown ini Figure 1 and 2 and reflect levels seen 
over 16 months of the protocol. 

The SS exposed animals received whole body exposure while the MS expo¬ 
sure was nose-only. Sham treated animals did not have detectable levels of 
nicotine or cotinine andi maintained low COHb levels throughout the bio¬ 
assay. The variability of results across time can reflect metabolic 
differences in different animals selected each monthi for ocular bleeding or 
actual differences in uptake by different animals at various times of the 
year. These animals do exhibit lower respiratory rates diirihg the winter 
months and maintain a natural biorhythm despite the temperature and light 
controlled environment in which they are housed. 

Table I contains the survival data for animals in each exposure group 
and for pooled sham treated controls. The sentinel or cage controls as 
well as those animals receiving either method of shem treatment declined in 
number more rapidly than the smoke exposed animals. Such survival data 
have been seen in previous animal studies with MS inhalation (8,12). 

Animals exposed to SS decreased in numbers more rapidly than their MS 
exposed counterparts. The largest numbers of deaths occurred in the 14~15 
months of the bioassay. In both groups, more males than females have eur- 
vived with only *0X of MS exposed females and BOX of SS exposed females re^ 
maining after 15 months* 

Body weight for surviving animals has remained consistant across the 
smoke exposed groups and lover than both groups receiving sham exposure. 
Figure 3 illustrates the growth curves of these animals with males and 
females placed together, although the males were consistently 10X heavier. 
The weight changes over time showed similar responses for both sexes. The 
growth and weight gain of exposed hamsters was very similar for both, MS and 


W 

© 

IC 

co 

CO 

00 , 

CO 

CD 

ro 






ro 


$S exposed groups. The sha exposed and cage control an mails gained ©ore 
weight during the early months of the protocol and had higher mortality 
rates during the first year of the bidassay. 

Tablle 1: Percentage of anise Is in each group surviving the bioassay (*) 


Months 

Sham 

Treated < b ) 

Mainstream 

Exposed 

Sidestream 

Exposed 

3 

98 

100 

91 

6 

68 

97 

85 

9 

60 

93 

64 

12 

41 

76 

70 

15 

23 

55 

33 


* Each exposure group began with 30 Bales and 30 females while ahas treat¬ 
ed groups had 20 animals for each than protocol. 

^ Survival data for MS-sham treated and SS-sham treated have been pooled. 

Discussion 


Inhalation bioassays with Syrian golden haasters have deaonstrated the 
carcinogenicity of H5 in this animal species. Since the hamster is sore 
resistant to respiratory infections than are rats and mice and is also more 
tolerant to the acute effects of tobacco smoke, it is, at present, the beat 
rodent aodel available for inhallation studies to compare MS andi SS carcino¬ 
genicity. 

Our ongoing bioassay has demonstrated that animals exposed to M5 or SS 
absorb carbon monoxide and nicotine and exhibit variable levels of OOHb and 
the nicotine metabolite, cotinine. Carboxyhemoglobin levels averaged 7-81 
for both groups, a percentage often seen in human cigarette smokers (12). 
Cot inine averaged between 40 - 50 ng/ml, a level lower than that observed! 
in the majority of human smokers. This is consistent with the low level! of 
breathing done by these restrained animals and contrasts with the deep in*- 
halation patterns of active cigarette smokers. 

Survival and weight data thus far indicate that smoke exposed animals 
live longer and do not grow as large aa aha treated or cage controls. 
This is consistent with previous findings (2) on Syrian golden hamsters. 

The bioassay will continue for a total of 16 months of MS or SS expo¬ 
sure. A complete necropsy of each animal will be conducted to compare 
tumor incidence across the groups exposed to MS or 85 as well as to aha 
treated animals. Histopathological evaluation of tumors from animals in 
each exposure will be presentedl Bopefully, these studies will provide a 
basils for comparison of the carcinogenic potential of MS and SS. 

These studies were supported by a grant from the National Cancer Insti¬ 
tute CA 29560. The authors gratefully acknowledge the excellent technical 
assistance of Dorothy Chary and John Bevilacqua. 
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M. Defloria replaced M. Djordjevic whose effort was 25% 

M. Defloria 'a effort is 50%. 

Subproject 6 

Lisa Bier replaced J. Connolly 
Nancy Haley will be supported by Core CA17613. 

Core Component A 

Sharon Murphy replaced E. LaVoie. Dr. Murphy will be 5%. 
Karl Aebig replaced S. Colosimo 
Jonathan Cox replaces replaces K. O'Mara-Adams. 

Ireana Liutkua replaced D. Conroy 

Core Component B 

Carol Meschter replaces A. Rivenson. 

Rotating Staff was 55 hours. The hours are now 40.8 or 
117%. 

Core Component C 

Shigeyeyriki Sugie replaced by H. Maruyma, MD. 
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EXPERIMENTAL TOBACCO CARCINOGENESIS 2 POl CA29580-07 
SUBPROJECT ft SIDESTREAM SMOKE CARCINOGENESIS 


Period covered June 1, 1987 - April 1, 1988 


Nancy Jean Haley, Ph.D. 


Stephen G. Colosimo, M.S. 


Associate Chief 20% 

Division of Nutrition and 1 
Endocrinology 

Senior Research 100% 

Biochemist 


J.D. Adams, M.S. 


section Head 

Division of Environmental Carcinogenesis 


K.D. Brunnemann, B.S. Section Head 

Division of Environmental Carcinogenesis 


I. PUBLICATION! 

Sepkovic, D.w. and Haley, N.J. 

Metabolism of nicotine in smokers and nonsmokers. In: Tobacco 
Smoking and Nicotine ( W.R. Martin,, G.R. Van Loon, E.T. Iwomoto 
and L. Davis, ads.). Plenum Publishing corp. 1987, pp. 375*388. 


Haley, N.J., Adams, J.D., Alzofon, J. and Hoffmann, D. 

Uptake of sidestream smoke by Syrian golden hamsters. Toxicology 
Lett. 25: 83-88, 1987. 


Haley, N.J., Adams, J.D., Axelrad, C.M. and Hoffmann, D. 

Sidestream smoke uptake by Syrian golden hamsters in an inhalation 
bioassay. Indoor Air '87, vol. 2, 1987; pp. 68-73. 

Hoffmann, D., Brunnemann, K.D., Haley, N.J., Sepkovic, D.w. and 
Adams, J.D • 

Nicotine uptake by nonsmokers exposed to passive smoking under 
controlled conditions and the elimination of cotinine. Indoor Air 
•87, VOl. 2, 1987; pp. 13-17. 


Goldstein, G.M., Collier, A., Etzel, R., Lewtas, J. and Haley, 
N.J. 

Elimination of urinary cotinine in children exposed' to known 
levels of sidestream cigarette smoke. indoor Air '87, vol. 2, 


1987; pp. 61-67. 
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Haley, Ni.J. and O’Neill, I.K. 

Collection of urine for prospective studies in passive sacking. 
In : Environmental Carcinogens: Methods of Analysis and Exposure 

Measurement, Vol. 9, Lyon, France 1987; pp. 293-297. 

Henderson, F.W., Morris, R., Reed, H.F., Hu, P.C., Mumford 1 , J.L., 
Forehand, L,, Burton, R., Lewtas, J., Hammond, S.K. and Haley, 
Ni.J. 

serum and urine cotinine as quantitative measures of passive 
tobacco smoke and exposure in young children. Indoor Air ’87, 
vol. 2, 1987; pp. 18-21. 

Hoffmann, D., Wymder, E.L., Hecht, S.S., Brunnemann, K.B., Lavoie, 
E.J. and^ Haley, N.J. 

Chemical Carcinogens in Tobacco. In: Cancer Risks, Strategies 
for Elimination , (P. Bannasch, ad. ) . Springer Verlag, Germany , 
1987; pp. 101-113. 

Schlffman, M.H., Haley, N.J.., Felton, J.S., Andrews, A.W., Koslov, 
A., Lancaster, W.P., Kurman, R.J., Brinton, L.A., Lonnom, L.B. ana 
Hoffmann, D. 

Biochemical epidemiology of cervical neoplasia: Measuring 

cigarette smoke constituents in the cervix. Can. Res. 12: 3886- 
3888, 1987. 

Haley, N.J., Sepkovic, D.W. and Hoffmann, D. 

Elimination of cotinine from body fluids: Nicotine deposition in 
smokers, nonsmokers and chewers of nicotine gum. Am. J. Public 
Health (submitted). 

LETTERS AND PRESENTATIONS 

Sepkovic, D.W., Axelrad, C.M., Colosimo, S.G. and Haley, N.J. 
Measuring tobacco smoke exposure: Clinical applications and 

passive smoking. 80th Annual Meeting and Exhibition of the Air 
Pollution Control Association, New York, NY 1987, 

Sepkovic, D.W., Haley, N.J. and Hoffmann, D. 

Urinary cotinine to estimate exposure to tobacco smoke (Letter) 
JAMA 2i: 1808, 1988. 

Haley, lf.J., Sepkovic, D.W., Louis, E. and Hoffmann, D. 

Absorption and elimination of nicotine by smokers, nonsmokers, and 
chewers of nicotine gum. International Symposium on Nicotine, 
10th International Congress of Pharmacology, Queensland', 
Australia, 1987. 


Haley, N.J., Adams, J.D., Axelrad, C.M. and Hoffmann, D. 

Sidestream smoke uptake by Syrian golden hamsters in an inhalation 
bioassay. Indoor Air '87, 4th International Conference on Indoor 


Air Quality and Climate, Berlin (West) Germany, 1987, 
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XI. PRQflMBS REPORT 


The objectives of project 6 remain to evaluate the carcinogenicity 
of sidestream smoke relative to that of mainstream smoke in laboratory 
animals and to estimate the uptake of environmental 1 tobacco smoke by 
smokers and nonsmokers. 

A. Inhalation Bioassav 

The first objective is being investigated in Syrian golden ham¬ 
sters through long-term inhalation bioassays and short-term investiga¬ 
tions of smoke constituent uptake and deposition. The inhalation 
bioassay was ended following 18 months of exposure to mainstream or 
sidestream smoke and animals surviving to this termination point were 
sacrificed. 

The average level of carboxyhemoglobin (COHb) found in the animals 
was maintained between 6 and S% over the 18 months of the study, a 
level similar to that seen in smokers (Figure 1). Cotinine levels over 
the same period were variable and generally lower than those found in 
smokers with COHb of 5-10% (Figure 2). Animals treated with sidestream 
smoke (SS) were exposed twice daily to higher amounts of tar and nico¬ 
tine than mainstream smoke (MS)-exposed animals. Such differences in 
nicotine exposure were not seen in circulating cotinine levels. Both 
MS- and SS-treatedi animals weighed less than sham-treated animals 
(Figure 3),. although the latter dropped weight near the end of the pro¬ 
tocol as large numbers died with renal disease. 

After 18 months, only 4% of sham-treated animals survived and the 
exposure protocol was terminated. A larger percentage of MS- and' SS- 
exposed animals remained. This longer survival of smoke-exposed 
animals has been observed previously. Table X provides the survival 
data for this study. Histological evaluations, including step sections 
of the larynx and trachea were conducted on each animal in the study. 

Table XX presents the histopathology for the larynx and trachea 
from each group of animals. Overall, there was not a marked increase 
in tumor incidence in treated animals. Epithelial hyperplasia with 
small papillomas were noted only in exposed animals with 5 out of 60 
animals presenting this type of lesion. 


One animal exposed' to MS had an adenoma of the lung and two of the 
SS-exposed animals had this lung tumor. None of the controls or sham- 
treated animals presented lung tumors. 

Throughout the bloassay, biochemical indicators suggested that 
animals receiving MS or SS absorbed similar amounts of smoke con¬ 
stituents. At these doses, the incidence of tumors was fairly con¬ 
sistent between the groups. 
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B. Current Animal Studies 


Work with human subjects has suggested a difference in nicotine 
metabolism or at least differences in cotinine elimination between' 
smokers and nonsmokers. The inhalation bioassay described above demon¬ 
strated lower levels of cotinine in the blood of hamsters than would be 
expected based upon the dose provided and the carboxyhemoglobin level 
of the animals. We are, therefore, investigating the rate of nicotine 
metabolism in animals when they are first exposed to nicotine and 
following acclimatization to nicotine for 2 or 4 weeks. Additionally, 
possible inter-strain differences are being investigated by the use of 
5 inbred strains of rats in the same protocol. 

C. Human Exposure Studies 

The elimination of nicotine from the bodies of smokers and exposed 
nonsmokers is a complex process which shows inter-individual variation. 
Earlier work has shown a longer cotinine residence time for passive 
smokers than for active smokers, a phenomenon which could be due to 
metabolic differences, differences in method of nicotine uptake or a 
concentration gradient effect. 

To investigate thase diffarencas, 5 smokars quit tobacco usa. 
Urine was collected for 5 days. They than used Nicorette gum for 3 
days and continued urine collection. After 8 days, these ex-smokers 
and 5 never-smokers were exposed to sidestream smoke, twice daily for 2 
days. urine collection continued for 5 days past exposures. Each 
sample was analyzed by RIA for nicotine and cotinine and for thio¬ 
cyanate. urine creatinine was quantitated on a Kodak Ektachem 400. 
Terminal cotinine half-life (t \ 0) was calculated by the STRIPE pro¬ 
gram. 


Urine cotinine elimination times are presented in Table 3 for each 
protocol. Data are presented for each individual subject as ng/ml 
urine andi as ng/mg creatinine. Correlation coefficients and intercepts 
were determined using ng cotinine/mg creatinine derived data. Follow¬ 
ing cessation of smoking, subjects had a mean elimination time of 15.4 
hrs. Concentration of cotinine in the urine did not appear to in¬ 
fluence t \ 0 in these subjects. Both t \ measures were highly corre¬ 
lated 1 (r-0.79) end the means were similar (13.9 hrs. yi 15.4 hrs). 

Urine cotinine elimination times In subjects who used nicotine gum 
are given. Subject A was dropped for noncompliance and subject E for 
medical reasons not related to the protocol. Cotinine t \ 0 averaged 
18.2 hrs. with creatinine and 17.7 hrs without it. Correlation between 
these measures was r-0.99. Ex-smokers exposed to sidestream smoke pre¬ 
sented a mean t H of 27.5 hrs. for cotinine accreted' per ml and a mean 
elimination time of 38.9 hrs. when normalized. The correlation was 
much more moderate (r*0.60). As indicated by the y-intercepts, urine 
concentrations averaged less than 30 ng/mg creatinine. In never- 
smokers exposed to sidestream smoke, the mean t \ values were very 
similar with both data sets (25.6 hr in ng/ml yi 25.4 ng/mg 
creatinine). The correlation coefficient, however, was moderate 
(r»0.58). - 
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Comparison of elimination data obtained from urine cotinine levels 
presented as ng/ml with data normalized by mg creatinine yielded some 
important results. Strong correlations were observed in all. cases 
where initial urine cotinine concentrations were above SO ng. For in¬ 
stance, cotinine elimination in nicotine gum users (r ■ 0.79) and urine 
cotinine elimination in nicotine gum users were also strongly corre¬ 
lated (r-0.99). However, the correlations were less strong when 
initial cotinine concentrations were low, as in smokers and nonsmokers 
exposed to sidestream smoke. The correlations were r»0.60 and r*0.57, 
respectively. It is important to note that these are still moderate 
correlations. 

Current work with controlled human exposures is investigating 
differences in nicotine absorption when nonsmokers are exposed to 
machine-generated sidestream smoke or to environmental tobacco smoke 
produced by smokers in the same chamber. Differences in human smoking 
patterns (such as time between puff-drawing and Inhalation) might 
affect the amount of sidestream smoke presented to the nonsmoker. 

in. rirnmr atopies 

A. Animal Bioassav 

Short-term exposures to labelled SS are being planned for the 
current year. These studies will be conducted to determine the site of 
deposition of various smoke constituents within the animal respiratory 
tract. 


B. Human Exposure Studies 

It is of great importance to determine the dose of SS received by 
the most heavily exposed person, namely the smoker, and the relative 
contribution of SS to the carcinogenic potential of whole smoke. 

Exposure studies to estimate the uptake of SS by smokers will be 
conducted. Several methods of differentiating SS uptake from MS uptake 
will be tried. These include selective capture of SS by cone filters 
or of MS by valves placed behind the cigarette filter. Additionally, 
the deposition of nicotine on the hair of smokers and nearby non- 
smokers will be measured to determine the amount of environmental nico¬ 
tine within the breathing zones of smokers and exposed nonsmokers. 
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Tafele ZZ 


SZSTOfSTBOLOOICAL IVALU1TZOS Of TOXCDA AMD XJJLYVX 

tot timi ooLon nxinu bxvosid to ms os ss 



Z 

ZZ 

Group 

ZZZ 

IV 

V 

Focal epithelial 
hyperplasia and 
aquonoua setaplaaia 

1/20 

1/30 

3/20 

4/60 

7/60 

Epithelial hyper¬ 
plasia with nail 
papillose 

0/20 

0/20 

0/20 

5/60 

2/60 

Bpithallal dysplasia 

0/20 

0/20 

0/20 

0/60 

1/60 


Group I — 

Control animals 

Group ZZ 

NS sham 

Group ZZZ 

SS shas 

Group IV 

MS exposed 

Group V 

SS exposed 
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TABLE I 


PERCENTAGE OF ANIMALS IN EACH GROUP SURVIVING THE BIOASSAY ( A ) 


MONTHS 

SHAM B 
TREATED ( B ) 

MAINSTREAM 

EXPOSED 

SIDESTREAM 

EXPOSED 

3 

98 

100 

91 

e 

88 

97 

85 

9 

80 

93 

84 

12 

41. 

78 

70 

IS 

23 

55 

33 

IS 

4 

17 

8 



• 



A EACH EXPOSURE GROUP BEGAN WITH 30 MALES AND 30 FEMALES 
WH8J SHAM TREATED GROUPS HAD 20 ANIMALS FOR EACH 
SHAM PROTOCOL 


B SURVIVAL DATA FOR MS-SHAM TREATED AND SS-SHAM TREATED 
HAVE BEEN POOLED. 
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Njcstiss 

* 

t 1/2 

»9/cottoin* 

Ml 

t 1/2 

09/cotinino 

mg/creatinine 

Correlation 

Coefficient 

in 

Intercept 

In9 cotinine/ 

footers 





A 

- 15.1 

- 12.1 

- 0.40 

2S40 

S 

- 13.• 

- 12.9 

- 0.95 

167 

C 

- 12.1 

- 11.• 

- 0.92 

130ft 

0 

- 10.7 

- 15.1 

- 0.09 

1004 

B 

- IM 

- 17.1 

- 0.94 

345 

Nicotine Cun Uoors 




A 

• If .4 

- IB.O 

- 0.94 

42 

0 

- 11.1 

- 10.• 

- 0.94 

249 

C 

- 24.5 

- 25.9 

- 0.00 

124 

Sidestream 

taoka/Es-Booker s 




• 

- 11.2 

- 2f.f 

- 0.00 

14 

C 

- 4S.4 

- 29.4 

- 0.01 

14 

0 

- 19.2 

- 24.f 

- 0.92 

24 

Sidestreaa 

fMOke/Never-Saoker a 




• 29.7 

- 30.4 

- 0.09 

21 


- 21.1 

- 20.5 

- 0.95 

42 


- 19.9 

- 21.1 

• 0.94 

14 


- 11.4 

- 25.4 

• 0.00 

26 


- 21.4 

- 14.1 

- 0.00 

24 
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EXPOSURE OF HAMSTERS AND RATS TO SIDESTREAM 
SMOKE OF CIGARETTES: PRELIMINARY RESULTS OF A 
90-EAY-INHALATION STUDY 

rmufir GAhnt, HJiw* A CIVmd^ 

TSnrtnf.pcnrfcrhift toAtfJ 1C—dbHi abH, ft—y a, PJ8I9 THalarg IX FUG 
^■Irgbrlsi UborttBriM Dr asd HM Brwt, de 1> i i at, tthrthdaBi 1*37, D4989 Haatorg U» FRG 
TWhnhghrtes IttoL I Isbiga SPuAt, Ml» Mrtflik FBC 


ABSTRACT 

Halt and feaale P-344 rata and Syrian golden haaattrt wart 
whole-body exposed to eidaatreaa aaoka CSS) of Kentucky reference 
cigarettes type 2I1F. Tha exposure took place in a 35 a 3 stainless 
ataal ehaabar for 10 h par day, 5 day# a week for up to 90 days. 
Tha 90 day axpoaura pariod waa followed by a recovery period alao 
of up to 90 daya. Tha ehaabar waa ventilated by 6 air changes par 
hour. Bight cigarattaa wart sacked aiaultaneouely on an autoaatic 
eaoklng aachine throughout tha axpoaura period, resulting in a 
respirable aaaa concentration of about 4 ag/a*. Tha corraaponding 
lavala of carbonaonoxlda (CO), nitrogen oxide (BO) and nitrogen 
dioxide (BOj) ware approxiastely 2 5 ppa, 600 ppb and 80 ppb, 
respectively. During tha daily axpoaura reglaen, carboxyhaaoglobln 
(COHb) increased by 2^3 X in both species. After tha daily 
axpoaura, nicotine and cotinlne aarua concentrations in rata wart 
found to ba about 50-100 ng/al and 200-400 ng/al, respectively. Tha 
lavala for haaatera ware 30-50 ng/al for nicotine and 80-120 ng/Pl 
for cotinina. Bo exposure-related changes in tha cllnicoeheaical 
and hseaatologlcal parameters ware observed. Hiatopathological 
examination of the respiratory tract by light microscopy revealed 
no differences between aidestraaa smoke exposed animals, ahae- 
axposed aniaala and untreated cage controls. Despite the absence of 
changes visible in the light aieroacopa, it waa decided to look at 
a aaall nuaber of staples of trachea and lung parenchyaa by 
electron aicroacopy. This investigation ravaalad suggestive avl- 
denca of slight changaa in exposed snlaalsi which reversed for tha 
•oat part or coaplately during the 90 days following the end of 
exposure!. 

XBTX0D0CTI0B 

It has bean alleged that exposure to ITS (environmental tobacco 
aaoka) Bay increase the lung cancer risk in non-eaokers M). Mainly 
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three lints of evidence art cited in order to support this viewt 
1) ITS contains carcinogenic and mutagenic compounds as shown by 
chemical analysis and in vitro assays, 2) epidemiological studies 
show a relative risk bstwaan 1 and 2 for monrsmoklng wives of 
smokers whan compsrad to non-smoking wives of non-smokers, 3) an 
axcass risk has to ba assumed whan extrapolating from smoking to 
passiva smoking (2). On the other hand, the presently avallabia 
scientific avidanea for a causal relationship bstwaan passive 
smoking and lung cancer is vary weak;, if it exists at all (3). 
Animal Inhalation studies could provldh valuable information on tha 
carcinogenic potential of inhaled ITS or SS of cigarettes in tha 
respiratory tract. Therefore we carried out a aubchronlc 90-dey- 
inhalation study with rats and hamsters mainly addressing two 
questions t 1) Vhat (if any) lesions are induced by exposure to 
high, but tolerable, concentrations of sidestream smoke In the 
respiratory tract during a period of up to 90 days? 2) Are any 
lesions that are produced reversible during a subsequent recovery 
period of up to 90 deyst In order to mimic ITS exposure as closely 
as possible, a whole-body exposure regimen lasting for 10 h per 
day, 5 days per week was chosen. 


METHODS 

Ixperlmental animals and exposure conditions 


I 


t 


i 

I; 


li 


I 

i 

» 

I 

I 

i 

I 

i 

i 


Fisher 344 rats (Charles liver Vlga GmbH, Sulsfeld, Vest- 
Germany) and Syrian golden hamsters, strain Hans Aura (Zen trail in- 
stitut ffir Versuchstlersueht, Hannover, Vest—Germany) were randomly 
assigned to treatment and control groups as shown in Table 1. 

During the daily exposure period (7 am to 5 pm) all animals 
were housed in steelwlre cages (2 animals/cage) In a stainless 
steel chamber (35 m*) which was ventilated by 8 air changes per 
hour. In the chamber the rodent had access to drinking water but 
not to food. The air was drawn through the chamber by means of a 
pump installed at the outer downstream side of the chamber. An 
automatic smoking machine (It* 30/V, lorgwald, Hamburg, V.-Germany) 
was positioned in a hood at the outer upstream side of the chamber. 
The aldeatream smoke of g simultaneously burning Kentucky reference 
cigarettes (2I1F, mainatreaa tar and nlcotinet 23.4 mg and 1.74 mg, 
respectively) entered the chamber through an inlet (0.5 s 0.5 m) 
at the front wall. Kievan puffs were drawn per cigarette. The 
mainstream amoks was discarded. On the average, 448 cigarettes were 
smoked during the 10 h exposure perlodl. The smoke was evenly 
distributed by means of 4 air jets which were Installed at the 
inside edges of the inlet. Cage positions were routinely rotated 
on a daily basis. During the exposure-free time the animals were 
kept under usual laboratory conditions for rodents. 

The sham-exposedi groups were treated in exactly the same way, 
except that the smoking machine attached to the sham-chamber ran 
without cigarettes. 
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Table It 


Kxperlmeiaital groups tod Busbar of animals 


Kits 


■ a s a t e r a 


Croup 


Treatment 


Halt rasa la Mala 


1 Bxposura with 55 

(10 h/d, 5 d/week 65 35 65 35 

for to day*)* 

2 Recovery 

(aa group 1, aftar 

exposure period 40 - 40 

to days under roos 
control conditions)** 

3 than control 

(aa group 1 and 2 60 35 60 35 

axpoaura to fresh air 
instead of SS) 

4 Rods control 55 40 55 40 

(no treatsent) 

# Subgroups of 5 to 20 animals ware killed at the following tins 
polntat 0* 1, 3, 5, 12* 26* 47* and to daya after atart of 

axpoaura. resale anisala ware sacrificed 0, 47 or 90 dbya after 
atart of the experiment. 

+* Subgroups of 5 to 20 anisala ware killed at the following tine 
pointsi 120* 150, and 160 daya after atart of exposure. 


During the exposure period* CO (UIV0R 6 S* Maihak* Hamburg, 
riO* BO/HO* (ML 6640* Monitor Technologies GmbH, AUersikausen* 
V.-Germany) and particlesaaa (RAM 1* Klaus Schifer GmbH, Langen* 
V.-Germany) ware recorded continuously. The particle measurements 
ware calibrated by a gravimetric sethod (4). nicotine (5), carbo¬ 
nyls (6* 7) assonla (61* banso(a)pyrane (9) and B-nitroeodimethyl- 
•sina (10) were measured at regular intervals according to modified 
publlahed method*. 


St the tine points of interim killing COHb <1L 282* Instrumen¬ 
tation Laboratories * USA) aa well aei nicotine (11) and cotlhlne 
(12) in serum were measured as dosimetric parameters. The usual 
clinlcochemical and haematologlcal examination* were carried out on 
blood taken from animals at the time of sacrifice. Body weight was 
measured every week. Food consumption diirlng four consecutive days 
was determined on four occasions. 
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All organs were exeainsd aecroecopicslly at necropsy and found 
to ba without pathological changes. 

A detailed post aortaa examination was carried out on all 
animals and changaa ih any organ or tissue; ware recorded. The 
following organa ware removed and fixed In 10 X foraalim Nasal 
cavity, larynx, trachea:, lung (distended with air), liver, kidney, 
adrenals, braini, pituitary, urinary bladder, heart, tongue, 
thyroid, parathyroid, thyaus, aanaary gland, teatea or ovaries. The 
organa were sectioned, stained (haeaatoxylln-eosin and/or FAS), and 
the slides were exaaintd by light aicroscopy. 

glictron licroicppy 

One sample of lung and one of trachea fron A axpoaedl and 4 
shea-exposed aale rats and hamsters killed at 90 days and free 2 
exposed aale rata and 4 exposed aale hamsters killed 90 days after 
the end of exposure were fixed in glutaraldehyde for a.a. 
examination. 


IE3ULTS 

The results of the chamber aonicoring are suaaarlsed! in Table 
2. All substances aeasured were fairly evenly distributed^ in the 
experimental room. Site distribution aeaiureaenti with a 10-level- 
iapactor revealed a aaxiaua of particle axes at 0.3 pm. No 
particles could be aeasured beyond 2 pm. 

Table 2t Average air concentrations in the exposure- 
and; ahaa-chsabers 


Izpoiurg_Shea 


Particles (ag/a 3 ) 


4.3 

<0.1 

CO (ppa) 


25 

1 

NO (ppb) 


400 

60 

»0 2 <PPb) 


70 

nd* 

Nicotine (pg/a 3 ) 


1000 

2 

POraaldehyde (ug/a 3 ) 


600 

6 

Acetaldehyde (ug/a 3 ) 


1200 

4 

Acrolein (ug/a 3 ) 


450 

11 

Aaaonle (ag/a 3 ) 


3.1 

0.1 

DimathyInitrossaint j 


200 

2 5 

Banco(a)pyrene (ng/n* 

h 

56 

nd* 


* nd • not detectable 


i 


With the exception of a shea-exposed hamster who was found dead 
after 10 weeks, all the: animals in all the groups reaalned In good' 
health without obvious differences! between the groups* 
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COHb, nicotine and cotInin* serua level* after a dally exposure 
period are ehown in Table 3. COHb increased about 3 1 in both 

species. Nicotine and cotlnina aerua concentrations ware substan¬ 
tially higher in exposed rats than exposed hamsters. 

Table 3s lesulta of dosimetric measurements in smoke-expoesd 
and sham-sxposad male rats and haasters at the end 
of the tO-dey-exposure period 


Mean (80) (nvl6) 



COHb (X) 

3.3 (0.6) 

3.1 (0.4) 

0.0 (0.5) 

0.3 

(0.1) 

S.rua aleotla. 
(ac/al) 

99 (40) 

51 (20) 

3 (2) 

3 

(3) 

t.raa cotlnina 

350 (66) 

115 (40) 

3 (3) 

0.5 

(U 


(ng/ml) 

The body weight gain of exposed; shaa-exposed and control aale 
and female rats were similar throughout the 13 week exposure 
period. However, following the termination of aaoke exposure, the 
aale reversibility rats gained more weight than the shaa-exposed 
and untreated controls. In contrast to tha untreated aale haasters, 
the exposed and shaa-exposed aale haasters gained no weight during 
the exposure period. During the first 90 days of the study the 
exposed and ahaa-expoeed feaale haasters exhibited a small increase 
in weight, but this was auch less than the gain in weight of the 
untreated! feaale haasters. After the teraination of exposure, the 
reversibility and shaa-exposed haasters gained aore weight than the 
untreated controls. After 180 days neither the male 90-day exposed 
rats and hamster* nor the ahaa-expoeed animal* showed any signifi¬ 
cant difference la body weight as distinct iron the untreated 
anlaalsi. 

The daily food Intake of the aale and feaale exposed; shaa- 
exposed! and untreated rets was very similar. Compered with the 
shaa-exposed and untreated haasters the food intake was less in 
aale and feaale exposed haasters during the exposure period:. 

No dlfferencesi between treated and control groups were found 
In the ellnleochealcal and hteaatologlcal parameters. 

Histopathological investigation by light microscopy revealed 
no exposure-related changes In the lower respiratory tract (lung 
and trachea) or la any of the other organs examined!. Preliminary 
electron microscopy of the lung and trachea revealed the follow¬ 
ing changes In the smoke-exposed animal* after 90 daysi Iubi t 
Increased nuabersi and hypertrophy of type 11 pneuaoeytes. Increased 
numbers of alveolar macrophages and thickening of the basal 
membrane; tracheai reduction in number of ciliated cells. These 
changes could be observed in both species. They were, however, more 
marked in rats than in haasters. Ninety days after termination of 
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| the exposure theae lealona ware found to have completely or for the 

I noat part disappeared. 

DISCUSSION 

\ Ont of tha tine of this pilot subchronie Inhalation txperinent, 

! was to datact aarly laalona (if any) which could ha induced by an 

! unrealistically high, but tolarabla aidaatraaa aaoka axpoaura doaa 

i in rata and haeatsrs. Tha axpoaura level chosen waa a particle aaaa 

t * concentration of about 4 ng/n 3 which parallels severs! recant 

i long-tern diaaal exhaust inhalation studies (13). This concentra¬ 

tion ia up to 100 tinea higher than tha anohinf-ralatad particle 
levels reported for raal*llfa altuatlona (1). The nicotine uptake 
by the enoke-axpoeed anlnals, aa indicated by eerun nicotine and 
cotinlne concentrations, la also between one and two orders of 
nagnltude higher than that found In hunana passively exposed to 
tobacco anoke (2). The axpoaura conditions were well tolerated by 
the rodenta. The snail reduction In weight gain observed in 
hanatara la clearly attributable to the atreaa by being; confined in 
axpoaura chaabera aa can be deduced fron the sinilar effect in the 
shan-exposed hanatara. 

t No treatnent-related ehangea were found in the respiratory 

tract by light nicroacopy. United evidence derived iron e.n. 

I studies on a anall nunber of aanplea suggested that exposure 

! danaged ciliated cells in the trachea and lung parenehynal calls, 

i but these effecta dlaappaarad during tO daya following the end of 

axpoaura. The noat obyloue of theae ehangea were an Increase in the 
nunber of alveolar nacrophagea« the occurrence of pignented macro¬ 
phages in the lung parenchyma and partial declllatlon of tracheal 
epithelial cella. kata expoaed to dieael axhauat of a concentration 
of 6.3 ng/n 3 , 8 h/d for 5 daya or longer are reported not to have 
cleared the dieael particulate iron the lunge §0 daya after the end 
of the expoeure (14). It la assumed that the particle load of the 
lungs ia the main cause of the Induction of lung tunora in dieael 
' exhaust-exposed rata (13). 

The outcome of thia subckroalc inhalation study suggests that 
the particle burden of the lung of rodents expoaed to aideatrean 
anoke ia nuch leas than that in diasal-axposed anlnala. Pron our 
results we further conclude that the application of this axpoaura 
reglne in a long-tern study with hanatara and rata la feasible. On 
the other hand* an expoeure dose of 4 ng/n 3 night lead to sene 
I alterations of the nucoclllary escalator. It ia extremely unlike¬ 

ly that theae lesions are caused by passive smoking in hunana undbr 
real-life situationa since they are rarely obaerved in non-smokers 
(15). These observations possibly differing: between anlnal and nan 
have to be considered before any conclusions are drawm. 

» 

tXFKtSNCSS 

! X • O.S. Dept, of Health and Hunan Services. A laport of tha 

> Suraaon General , The Health Consequences of Involuntary Snok- 

». ing. (IfiSt) 

' * 2. H.A.R. kuaael 1 * Unit Pi. XitliH, 35, 8-18 (1087) 

3. P. Adlkofar. Per Initnint . 51/52, 2t-3t (lfS7) 

4. k.D. Traitnan, J.D. Spangler end T. Tostaeon, Exposure 
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exposure theae differences between exposed and ahaa-exposed animals 
war a found to have completely or for tha note part disappeared!. 

DISCUSSION 

One of tha elaa of this pilot subchronic Inhalation experiment, 
was to dbtact early lesions (if any) which could be induced by an 
unrealistically high, but tolerable tidestreaa smoke exposure doaa 
in rats and hamsters. Tha exposure level chosen was a particla aass 
concentration of about 4 ag/a* which parallels several recent 
long-teradlesel exhaust Inhalation stadias (11). This concentra¬ 
tion is up to 100 tiaas higher than the smoking-related particle r 
levels reported for real-life situations (1). The nicotine uptake 
by tha aaoke-expoeed animals, as indicated by serua nicotine and 
eotlnine concentrations, is also between ona and two orders of 
magnitude higher than that found in humane passively exposed to 
tobacco saoke (2). The exposure conditions were well tolerated by 
the rodents* The snail reduction in weight gain observed in 
beastera is clearly attributable to the stress by being confined!in 
exposure ehaabers as can be deduced froa the einllar effect in the 
eikae-exposed haartere. 

No treatment-related changes were found in the respiratory b 

tract by light aicroseopy. Limited evidence derived froa e.a. 
studies on a email number of saaples suggested that exposure 
damaged ciliated cells in the trachea and lung parenchyaal cells, 
but these effects disappeared! during 90 days following the end of 
exposure. The most obvious of these changes were an increase in the 
number of alveolar aacrophages, the occurrence of pigmented macro- 
phages in the lung parenchyma and partial deelliation of tracheal 
epithelial cells, xats exposed to diesel'exhaust at a concentration 
of 6.3 ag/a 3 , 8 h/dl for 5 days or longer are reported not to have 
cleared the diesel particulate froa the lungs 90 days after the end 
of the exposure (14). It is assumed that the particle load of the 
lungs is the main cause of the induction of lung tumors in; diesel 1 
exhaust-exposed rata (13). 

The outcome of this subchronic Inhalation study suggests that 
the particle burden of the lung of rodents exposed to aidescream 
saoke is auch less than that in diesel-exposed anlasls* From our 
results we further conclude that the application of this exposure 
regime in a long-tern study with hamsters andl rats is feasible. On 
the other hand, an exposure dose of 4 ag/a 3 night lead to some 
alterations of the mucociliary escalator. It is extremely unlike¬ 
ly that these lesions are caused by passive saoklng in huaans under 
real-life situations since prolonged exposure to such high levels 
of aldestreea saoke does not occur. In this context it is 
noteworthy that deelliation is rare in non-smokers (IS). 
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ABSTRACT 

Among 50 environmental tobacco smoke constituents 11stedi as potentially 
harmful 1 to human health, 17 are designated as suspect carcinogens by either the 
U.S. National Toxicology Program, or the International! Agency for Research on 
Cancer, or both. The 17 constituents have not been adequately shown to cause 
pulmonary cancer via inhalation In animals. On the other hand, pulmonary 
carcinogens not present in environmental tobacco smoke, suchi as bis-choromethyl 
ether, are supported by adequate human and animal Inhalation studies. 

INTRODUCTION 

Recent reports from the U.S. Surgeon General (1), the U.S. National 
Academy of Science - National Research Council (2, 3), and the International 
Agency for Research on Cancer (IARC) (4), have made a "consensus" list of 
potentially harmful constituents of environmental tobacco smoke (ETS). Among 
the selected fifty constituents, 17 are designated suspect carcinogens by 
either the U.S. National Toxicology Program (USNTP) (5), or the International 
Agency for Research on Cancer (4), or both. The purpose of this presentation: 
is to discuss the above mentioned reports in terms of pulmonary carcinogenesis. 
In December 1987, the most comprehensive database became available to 
scientists interested in environmental and occupational health. The Registry 
of Toxic Effects of Chemical Substances (RTECS), hitherto available only to 
personnel of National Institute of Occupational Safety and Health, can be 
accessed through the National Library of Medicine (Medline) (61. The unique 
feature contained in the RTECS database for over 90,000 substances is a uniform 
expert evaluation of animal testing results for carcinogenesis. A uniform 
standard has been adapted to differentiate between "equivocal” and 1 "unequi¬ 
vocal" results of suspected carcinogens administered by various routes. The 
following discussion Is Intended as a "review of reviews" on ETS constituents 
suspected by some of causing pulmonary cancer. 

REFERENCE STANDARD FOR INHALED PULMONARY CARCINOGENS 

Prior to the discussion of ETS constituents. It is necessary to briefly 
describe a reference pulmonary carcinogen such as bis-choromethyl ether. 
Exposure of workers to this substance Increases the risk of long cancer, 
mainly, oat-cell carcinoma. The exposure occurs in chemical plant workers, ion 
exchange resin makers, laboratory workers, and polymer workers. Absorption of 
the chemical is through the lungs and skin. It Is rated by USNTP as a "known 
carcinogen" because there Is •sufficient evidence of carcinogenicityfrom 
studies in humans", which suggests a causal relationship between ths~agent and 
lung cancer (5). 

Bls-chloromethyl ether produced tumors at the site of application in mice 
and rats, i.e., in the lungs after inhalation, subcutaneous tissues after 


i 


539 


Source: https://www.industrydocuments.ucsf.edu/docs/ltnxOOOO 


2023381410 



Injection, and In the skim after repeated topical application. The features of 
Inhalation studies are as follows (6): 

rat Inhalation - 100 ppb for 6 hours daily for 6 weeks; 

rat inhalation - 100 ppb for 6 hours daily for 26 weeks; 

rat Inhalation - 75 ppb for 6 hours daily for two years; 

mouse inhalation - 1 ppm daily for 82 days. 

Tihe above results support the rating by I ARC of “sufficient evidence'* as an 
animal carcinogen (5) and the rating by USNTP of "known carcinogen." The 
threshold limit value (TLV) Is 0.001 ppm; which provides an acceptable factor 
of safety based on additional short-term Inhalation studies In humans and 
animals (6). 


REFERENCE STANDARD FOR ENVIRONMENTAL TOBACCO SMOKE CONSTITUENTS 


Benzo[a]pyrene Is the most widely Investigated constituent of tobacco* 
smoke and has been detected in mainstream smoke; sidestream smoke and i ETS 
(1 L 4). In the accepted terminology of USNTP, this constituent is not a "known 
carcinogen" but "may reasonably be anticipated to be carcinogen" (5). The 
primary reason for this rating Is a lack of human epidemiologic data showing: 
that exposure to benio[a]pyrene alone Is a risk factor for cancer in humans. 

The lack of human epidemiologic data relates to the IARC rating of "sufficient 
evidence" for animal cancer, but not for human cancer. 

Tumors have been reported at the site of administration of benzo[a]pyrene, 
such as dermal, subcutaneous, Intramuscular, intracerebral, Ihtraperitonel, and 
rectal areas. The results of Intrathoracic routes are as follows (6): 

dog Intrathoracic Implant - 651 mg/kg continuously for 2 weeks; 

rat Intrathoracic implant - 150 ug/kg continuously for 2 weeks; 

mouse Intratracheal injection - 200 mg/kg intermittently for 10 weeks; 

200 mg/kgi intermittently for 15 weeks; 

145 mg/kgi intermittently for 2 years; 

120 mg/kg Intermittently for 17 weeks; 

360 mg/kgi Intermittently for 36' weeks; 

4 hours Intermittently for 96 weeks; 


rat Intratracheal injection 
rabbit Intratracheal Injection 
hamster Intratracheal injection 
hamster Intratracheal Injection 
hamster Inhalation - 9500 ug/cuM 


mouse Inhalation - 200 ng/cuM 6 hours Intermittently for 13 weeks. 

In the above listed testings, RTECS has rated Inhalation and most other results 
as ani"equivocal tumorigenic agent" yielding "uncertain but seemingly positive" 
results (6). The positive results not rated as "equivocal" were derived by 
lintrathoracic implantation or intratracheal Injection. Only the Inhalation' 
study Is relevant to the health effects of ETS, but the results, are designated 
■equivocal". 

The concentrations of benzo[a]pyrene were reported as 9500 ug/cuM In.the 
hamster, and 200 ng/cuM in the mouse. The peak benzo[a]pyrene concentration 
reported In the literature Is 0.14 ug/cig or 140 ng/cig for sidestream smoke 
emitted by one cigarette. The mixture Inhaled In one hamster study consisted 
of 9500 ug, which, when divided by 0.14 ug. Is equivalent to 67857 burning 
cigarettes contained In one cuM. In the mouse study, the mixture consisted of 
200 ng (divided by 140 ng equals 1.43 burning cigarettes In one cuM of inspired 
air), and the results were "equivocal". Although the concentration in the 
mouse Is lower than that used In the hamster (by a factor of 47452), even the 
■equivocal" results are still Inapplicable to ETS. The estimate of 67857 
burning cigarettes per cuM of enclosure would be Intolerable in terms of 
mucosal Irritation; so that a person would not remain In. the enclosure: long' 
enough to simulate conditions of animal Inhalation experiments. 

Benzo[a]pyrene Is one of 46 polycyclic aromatic hydrocarbons (PAH) 
contained In mainstream smoke, but only ten have been detectediIn ETS (4). The 
following five PAH's have been tested by skin painting only: benzoGa]flourene* 
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39 ng/cuM; benzo[gi]perylene, 5.9 to 17 ng/cuM; coronene, 0.3 to 2.8 ng/cuM; 
dibenz[a,j]anthracene, 6 ng/cuMj and perylene, 0.1 to 11 ng/cuM. The above 
corresponding ranges of concentration in ETS are considerably less than that 
for benzo[a]pyrene (2.8 to 760 ng/cuM). 

BenzoCa)pyrene is a research chemical and only researchers would be 
exposed to the pure substance. However, occupational exposure is widespread! 
because benzo[a]pyrene is present in coal tar, coke oven emissions, and 
creosote, that have corresponding work exposure standards (5). Benzola]pyrene 
and other PAH's occur In the combustion products of coal, oil, petroleum and 
biologic natter. Human exposure can occur Indoors as a result of heating and 
cooking with natural gas, oil, coal, and wood. Individuals working at 
restaurants, airports, tarring facilities, refuse incinerators, power plants 
and coke manufacturing facilities may be exposed to benzol a]pyrene and related 
polynuclear aromatic hydrocarbons. 

•SUSPECTED CARCINOGENS" IN ENVIRONMENTAL TOBACCO SMOKE 


Among the "consensus" selection of fifty health hazardous substances 
(1-4), there are 17 "suspected carcinogens" by either the USNTP (5), or IARC 
(4), or both. The following table lists 17 substances In decreasing order of 
amounts In sidestream smoke (SSS, expressed as mg/cigarette). It should be 
noted that the total sidestream smoke emissions are derived from maximal valties 
reported In the literature (1-4). The column on Chemical Abstract Service 
(CAS) registry numbers did not appear in cited reviews and are added in Table 1 
to establish accuracy In Identifying biomedical literature for 17 "suspected 
carcinogens". 


Table 1. Sidestream Constituents and Primary Sources. 


NTP 

Line CAS No. _ SSS Constituents _ SSS:rag/clg Primary Sources 



630-08-0 

Carbon monoxide 

108 

BC I 


54-11-5 

Nicotine 

8.2 

T 

(a) 

50-00-0 

Formaldehyde 

5.0 

HIP 

(b) 

71-43-2 

Benzene 

0.48 

HIP 

(c>* 

16543-55-8 

Nitrosonornicotine 

0.009 

Ti 

(d)* 

62-75-9 

Nitrosodimethylamine 

0.004 

I R 

(e) 

? 

NNK** 

0.004 

T 

<f) 

95-53-4 

2-Toluldine 

0.003 

I 

(9) 

7440-02-0 

Nickel 

0.0024 

IP 

(h) 

55-18-5 

Nitrosodiethylamine 

0.001 

IPR 

(1) 

930-55-2 

Nitrosopyrrol1dlne 

0.0009 

B W 

(j) 

7440-43-9 

Cadmiurn 

0.00072 

IP 

(k) 

56-55-3 

BenzCaJanthracene 

0.00028 

C R 

(1) 

92-67-1 

4-Ami nobiphenyl 

0.00014 

I R 

(m) 

50-32-8 

BenzoC alpyrene 

0.00014 

C R 

(n) 

301-01-2 

Hydrazine 

0.00009 

IP 

(o) 

116-54-7 

Nitrosodiethanol amine 

0.00008 

P H 

<P) 

91-59-8 

2-Naphthylamine 

0.00005 

I R 

(q)* 

* 

7440-68-1 

r* rzr^iTFuns; — r 

Polonium 210 

(pci 0.4)*** 

HI 


* Not In USNTP Annual Report on Carcinogens (5); Suspected carcinogen in IARC 
pub11cations(4) 


** 3-Pyr1dyl-3,3(N-methyl-N-nitrosoam1no)propylketone 
*** picocurie 
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The above table Includes nicotine and carbon monoxide for the purpose of 
comparison. Nicotine Is often designated the most pharmacologically active I 

constituent of tobacco smoke (8,9), but Is not a suspected carcinogen^ It is j 

present In ETS at concentrations ranging from 3 to 38 ug/cuM (10). Carbon 
monoxide also Is not a suspected carcinogen andi is present In ETS in j 

concentrations ranging from 0.5 to 35 mg/cuM (11). The presence of carbon i 

monoxide Ini ambient air represents contributions from tobacco smoke as well as i 


from co:.bust1on of fuels and from biologic processes. Nicotine, nitrosonor- 
nlcotine and NNK are the only constituents In the above table that originate 
solely from tobacco smoke. The 17 tabulated constituents (a to q) originate 
primarily from sources other than tobacco (Ti), namely. Biologic matter; 
Combustion; Household pollution; Industrial chemical manufacturing;; 

Products personal and public use; Research use; and Haste, both solid 
and liquid. 

SIDESTREAM SMOKE AND ENVIRONMENTAL TOBACCO SMOKE 

The total sidestream emissions for carbon monoxide, nicotine and 17 
"Suspected carcinogens" are expressed as mg per cigarette. The highest amount 
(108 mg) Is for carbon monoxide, and the lowest amount (0.00005 milligram or 
.05 microgram, or 50 nanograms) Is for (p) 2-naphthyl amine. The microgram (ug) 
and nanogram (ng) quantities of sidestream emissions suggest that hundreds or 
even thousands of cigarettes would need to be ingnlted In an enclosure In order 
to reach hazardous levels In the environment. 

Threshold Limit Values (TLV) 

In the workplace, threshold limit values are available for some substances 
under consideration (7): 

Table 2. Cigarette Sidestream Emissions to Attain TLV Levels. 


Line 

SSS Constituent 

SSS:mg/o1g 

TLV mg/cuM 

Cig. Equivalence 
per 100 cuM 

(a) 

Formaldehyde 

5.0 

1,5 

30 

(g) 

Nickel 

0.0024 

0.1 

4166 

(b) 

Benzene 

0:48 

30 

6250 

(j) 

Cadmium 

0,00072 

0.05 

6944 

(n) 

Hydrazine 

0.00009 

0.1 

min 

(f) 

2-Toluldlne 

0.003 

9 

300000 

(q) 

Polonium 210 

(see text) 


2500000 

(m) 

BenzoCa]pyrene 

(see text) 


6785700 


The estimate for cigarette equivalence is for sealed non-ventllated enclosure 
of 100 cubic meters. Based on total sidestream emission per cigarette and TLV, 
it would take 300000 burning cigarettes to approach the respective TLV for 
2-toluldine (9 times 100 divided by 0.003). The cigarette equivalence for 
Polonium 210 Is estimated as 2500000 based on "action level" for radon Indoors 
(12). As stated above the benzo[a]pyrene hazardous level Is derived fromi 
transposition of concentrations used In hamster Inhalation study. 

Experimental: Pulmonary Carcinogenesis 

The suspicion that each of 17 ETS constituents causes cancer is based on 
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results of animal testing such as the followingi (6): 

skin painting resulting in skin tumors: (d) nitrosodimethyl amine; (h) 
ni trosodiethyl amine; (k) benz[a]anthracene and others, 
added to drinking water causing liver and urniary bladder neoplasms: 

(d) nitrosodimethylamine; (e) NKK; and (o) nltrosodiethanolamine, 
added to diet causing liver and bladder neoplasms: (f) toluidine; (1) 
ami nobiphenyl; and (s) naphthyl amine, 
oral gavage or intraperltoneal injection causing pulmonary and 
extrapulmonary neoplasms: (c) nitrosonornlcotine; (e) NNK; (h) 
nitrodiethyl amine; (1) nitrosopyrrolidine; (n) hydrazine; and (k) 
benz[a]anthracene. 

Intratracheal injection causing pulmonary neoplasm: (m) benzo[a]pyrene. 
Inhalation causing pulmonary neoplasm: (m) benzo[a]pyrene. 

Inhalation causing Intraabdominal neoplasm: (d) nitrosodiethylamine. 
inhalation causing leukemia: (b) benzene; 
inhalation causing nasal tumor: (a) formaldehyde, 
inhalation causing tracheal neoplasm: (g) nickel; (j;) cadmium. 

It should be noted that nearly all constituents listed as carcinogens Ini the 
study were not tested by Inhalation routes, but Instead; by oral, intra'- 
peritoneal.^rmal and Intratracheal administration. Tihe last mentlonedi route 
should not be confused with inhalation for several reasons relating to 
absorption, disposition and metabolism (Table 3). The five substances in the 
list tested by inhalation are: (a) formaldehyde, (b) benzene, (g) nickel, (j) 1 
cadmium, and (m) benzota]pyrene. Alll five have been identified in miniscule 
quantities in sidestream smoke and originate primarily from processes and 
substances unrelated to tobacco smoke, l.e., building materials andi auto 
emissions. As stated^ above, the results of benzo[a]pyrene inhalation testing 
are "equivocal". 

Table 3. Comparative Physiology Resulting from Inhalation Versus Intratracheal 
Injection. 

Pulmonary Function 
Anesthesia 
Vehicle 

Oropharyngeal trauma 
Administered dose 
Protective cough reflex 
Mucociliary transport 
Absorption 

Extrapulmonary metabolism 


Inhalation 

no 

air 

no 

simulate human 
present 
efficient 

limited by exposure 
limited by exposure 


Intratracheal Injection 
necessary 

excipient or solvent 
yes' 

impractical 

subdued 

overload 

prolonged beyond injectloni 
continuously 


Experimental carcinogenesis relating to ETS Inhalation can only be 
iinvestigated by exposing animals In an appropriate chamber (13). Inhalation 
exposures of animals have assisted In Identifying carcinogens In the workplace, 
such as bis-choromethyl ether (see above). Since the relevant-exposure route 
for ETS constituents Is limited to the respiratory tract, extrapulmonary routes 
are not germaine. The Intratracheal route cannot be used to prove or disprove 
pulmonary carcinogenicity because of alterations In lung function relating to 
absorption, elimination and pharmacokinetics. Intratracheal injection has been 
a useful tool for research on enzynatlc, immunologic and histochemiical changes 
that relate to carcinogenesis. However, the procedure has not b een u sed for 
bioassay testing which Is exclusively limited to the Inhalation route for 
substances absorbed through the respiratory tract. 
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CONCLUSIONS I 

The criteria for proving that ETS contains pulmonary carcinogens have not j 

been net.. The available Information for 17 alledged carcinogens detectable In 
ETS Is limited to animal experiments, mostly consisting of dermal, oral, and 
parenteral Injections. Intratracheal Injection Influences physiologic and 
biochemical events In the lungs to the extent that results cannot be applied to 
ETS exposure. Furthermore, for ETS constituents with workplace standards, 
hundreds or even thousands of cigarettes need to be ignited continuously for. 

ETS to reach designated "carcinogenic" levels in an enclosure. The absence of 
relevant human or animal Inhalation studies does not support the hypothesis 
that the 17 constituents In ETS are pulmonary carcinogens. The possibility of 
potentiation or antagonism among the constituents has not been proved or 
disproved, nor do the data exclude extrapulmonary carcinogenicity following 
oral administration or workplace exposure to levels considerably higher than 
those of ETS. 
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Health Effects of 50 Selected Constituents 
of Environmental Tobacco Smoke 

D. M Aviadb 


Summary 

Recent monographs from IARC, NAS-NRC, and USPHS Surgeon General include a 
common list of 27 particulates and 23 vapors allegedly responsible for health effects of 
environmental tobacco smoke (ETS). More than half of listed constituents have 
workplace standards. It takes from less than one to eight cigarettes for total sidestream 
emission (in an enclosed unventilfcted space of 10 in 5 ) to exceed threshold limit values 
(TXV) for nicotine, acrolein, formaldehyde, carbon monoxide, and ammonia. For each 
of 21 constituents, 50 to 29,600 cigarettes would have to be consumed in 10 m 3 to exceed 
respective TLVs. In all, 11 ETS constituents are suspected tumorigens based entirely on 
oral, dermal, subcutaneous, and/or tracheal injection in experimental animals. There are 
six ETS constituents that are in vitro mutagens and seven constituents with no known 
mutagenicity. The sidestream emission for each constituent is so low that any health 
consequence is inconceivable. In summary, there are no published animal experiments or 
human studies indicating that repeated exposure to any one of SO ETS selected 
constituents can cause pulmonary tumors. 


Introduction 

During the past year, biomedical literature on environmental tobacco smoke has been 
reviewed by three agencies, namely, the Office of the United States Surgeon General, 
USPHSj [ 1 ], the National Academy of Sciences - National Research Council, NAS-NRC 
[2], and the International Agency for Research on Cancer, IARC [3]. For the first time, 
the three supposedly independent groups have agreed on a selection of fifty biologically 
active constituents in environmental tobacco smoke (ETS). The selection was derived 
from over 150 constituents of sidestream smoke (SSS) analyzed chemically by Elliott and 
Rowe [4}; Hoffmann et al. [5], Klus and Kuhn [6], Schmeltz et al. [7] and Sakume et all 
[8-10], In reality, only 14 of the 50 selected constituents of cigarette smoke have been 
detected in environmental tobacco smoke. The other constituents have not been 
examined because of technical difficulties in analyzing microgram (10 to minus 6) and 
nanogram (10 to minus 9) concentrations. The 50 constituents comprise 1:3% of over 
38,000 chemical substances identified in mainstream smoke (MSS), According to Duke 
and Green [11), the detection of 3,800+ constituents of cigarette smoke is largely due to 
recent refinements in collection, separation and analysis introduced by tobacco chemists. 
Whereas in 1964, there were only 500+ known smoke constituents and 16+ biologically 
active constituents [12]; in 1987 there are 3,800+ MSS constituents, including 50 that are 
biologically active. This presentation focuses on these 50 constituents highlighted in 
recent monographs released by USPHS, NAS-NRC and IARC. 


H Ktsug* (Ed.) Indoor Air Quality 
C Springtr-VtrUg, Berlin Heidelberg 1990 









Environment*] Tobacco Smoke (ETS) 

Experiment*] chamber* *nd *emi-ventil*ted rooms 
Offices and conference rooms 
Restaurant*, bar*, taverns and night dubs 
Work places 
Moving vehicle* 

Tresbold Limit Value (TLV) 


Main-Stream Smoke (MSS) 

Side-Stream Smoke (SSS) 

Ratio SSS/MSS 

Calculation of maximal cigarette equivalent: 

350 mg divided by 108 s 5 dgarette* in 10 cubic meters 


45.0-38.0 ppm 
32.5- 2.5 ppm 
30 j 0- 0.5 ppm 
29.4- 2.8 ppm 
30 j 0- 2.0ppm 
50 ppm 

55 mg/cubic ro 
550 mg/10 cubic m 
23-10mg 
108-25 mg 
4.7- 2.5 



Threshold Limit Valiie 

The most widely used estimate of air quality in the workplace is the Threshold Limit 
Value (TLV). The TLV is determined by toxicologists, epidemiologists, and hygienists for 
the American Conference of Governmental Industrial Hygienists [13]. The recom¬ 
mended concentration of a substance, expressed in mg/cubic meter, or in parts per 
million (ppm), is the maximal level that should not be exceeded to prevent occupational 
disease. The TLV is arrived at by interpretation of the literature relating to human 
exposure level, human accidental deaths, if any, and animal lethality; lowest toxic 
concentration and highest nontoxic concentration derived from case reports and animal 
experiments; absorption, excretion and kinetics; toxic effects on skin^ mucosa, muscles, 
nervous system, liver, kidneys, blood, reproductive organs, heart and lungs; and 
experimental induction of neoplasm. 

Carbon monoxide is the most widely investigated constituent of environmental! 
tobacco smoke (Table 1). The reported concentrations in public places rarely exceed the 
TLV of 50 ppm [14]i An essential step in the following discussion of biologically active 
constituents of cigarette smoke is calculation of "cigarette equivalent* defined as the 
number of cigarettes generating sidestream smoke (SSS) collected in a sealed enclosure of 
10 cubic meters. Fox carbon monoxide, the maximal amount of SS5 is 108 mg which is 
more than 4 times higher than MSS* representing the SSS/MSS ratio of 4.7. The TXV is 
defined as the safe level not to be exceeded to prevent occupational disease. For carbon 
monoxide, the TLV of 50ppm is equivalent to 55mg/cubic meter, or 550mg/10 cubic 
meters. The TLV of 550 mg is divided by 108 mg SSS, which equals 5 cigarettes consumed 
in 10 cubic meters. In other words, it takes ignition of 5 cigarettes to maintain the TLV for 
carbon monoxide in a sealed enclosure of 10 cubic meters. 


Milligram, Microgram, and Nanogram Quantities 

The fifty selected cigarette smoke constituents that are biologically active (1-3) are listed 
in Table 2. Half of the chemicals are noted as “V* in the first column to mean vapors and 
gases, such as line lV(carbon dioxide) and Line 2V (carbon monoxide); the remaining 
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Tabid Fifty selected ETS constituents 


Line 

CAS 

Chemical name 

SSS mg 

MSS mg 

SSS /MSS 

IV 

124-38-9 

Carbon dioxide 

440-16 

40-20 

11.0-8.0 

2V 

630-08-0 

Carbon monoxide 

108-25 

23-10 

4.7-25 

3P 


Particulates 

76-20 

40-15 

1.9-1.3 

4 V 

7664-41-7 

Ammonia 

22-10 

1.3-0.5 

170-40 

5P 

54-11-5 

Nicotine 

8.2-2.6 

15-1.0 

3.3-2.6 

6V 

108-88-3 

Toluene 

8.0-0.6 

0.2-0.1 

8.3-56 

7V 

10024-97-2 

Nitrogen oxide 

6.0-04 

0.6-0.1 

10.0*44 

8V 

50-00-0 

Formaldehyde 

5.O-0.7 

0.1<W).07 

5O.0^>.1 

9V 

64-19-7 

Acetic add 

19-06 

0.81-0.33 

3.6-1.9 

10V 

74-87-3 

Methyl chloride 

L98-0.25 

0.60-015 

3^1.7 

nv 

107-02-8 

Acrolein 

1.50-048 

0.10-0.06 

15:0-80 

12V 

67-64-1 

Acetone 

1.25-0.20 

0:25-0.10 

50-2.0 

13V 

1121-55-7 

3-Vinylpyridine 

1.20-0.22 

0:03-0.01 

40.0-20 

14V 

110-86-1 

Pyridine 

0.80-0.10 

0.04-0.02 

20.0-6.5 

13V 

64-18-6 

Formic add 

0.78-019 

0.49-0.21 

1.6*1 *4 

16V 

71-43-2 

Benzene 

0.48-0.12 

0.05-0.01 

10.0 

17V 

108-99-6 

3-Methylpyridine 

047-0.04 

0.04-0.01 

13.0-3.0 

18P 

108-95-2 

Phenol 

0.42-0.08 

0.14-0.06 

3.0-1.6 

19V 

154-23-4 

Catechol 

0.32-0.06 

0.36-0.10 

0.9-0:6 

20P 

123-31-9 

Hydroquinone 

0.27-0.08 

0.3(W).ll 

0.9^07 

21V 

74-89-5 

Methylamine 

0.18-005 

0.03-0.01 

6.4-4.2 

22V 

74-90-8 

Hydrogen cyanide 

0.12-004 

0.50-0.40 

0.2-0.1 

23P 

50-21-5 

Lactic add 

0.12-0.03 

0.17-^0.06 

0:7-05 

24P 

79-14-1 

Glycolic add 

0.12^0.02 

0,JW).04 

0.9-0.6 

25P 

96-48-0 

g-Butyrolactone 

0J 1-0.04 

0:02-0.01 

5:0-3.6 

26P 

110-15-6 

Succinic add 

0:09-0.05 

0.14-0.11 

04-0.6 

27V 

124-40-3 

Dimethyiamine 

0:05-0.03 

0.010-0.008 

5.1 L 37 

28P 

65-85-0 

Benzoic add 

0027-0051 

0.026-0.014 

0.9-0.6 

29P 

91-22-5 

Quinoline 

0022-0.004 

0.002-0.0005 

1110-8.0 

30P 

57-88-5 

Cholesterol 

0.019 

0.022 

0.9 

31P 

62-53-3 

Aniline 

0.011 

0.00036 

30.0 

32P 

581-49-7 

Anatabine 

0010-0.0002 

0.020-0:002 

0.5-0.1 

33P 

16543^55^8 

Nitrosonomicoune 

0.009-0.0001 

0.003-0:002 

3.0-05 

34P 

486*^844-0 

Hannan 

0.005-0.0012 

0.003-0:0017 

17-0.7 

35V 

463^58-1! 

Carbonyl sulfide 

0.005-0J001 

0.070-0.018 

0.1-003 

36V 

62-75-9 

N-Nitrosodimethylamine 0.0040-0.0002 

0.000044.00001 

100:0-20 

37P* 


NNK 

0.0040-0.0001 

0.00100-0.00010 

4-1 

3BP 

95-53-4 

2-Toluidine 

0.0030 

0:00016 

19:0 

39P 

7440-02-0 

Nickel 

0j0024^0.00026 

0:00008-0.00002 

30:0-13 

40V 

55-18-5 

N-Nitrosodiethylamine 

OjOOIO 

0:000025 

40.0 

41V 

936-55*2 

N-Nitrosopyrrolidine 

0j00090-0.00004 

0 00003-0.000006 30.0-6 

42P 

7440-43-9 

Cadmium 

0:00072 

0.00010 

7.2 

43P 

7440-66-6 

Zinc 

0.00040 

0.00006 

6.7 

44P 

56-55-3 

Benzfajanthracene 

0.00026-0.00004 

0.00007-0.00002 

4.0-2 

45P 

92-67-1 

4-Aminobiphenyl 

0.00014 

0.000005 

3110 

46P 

50-22-8 

Benzo[a]pyrene 

0.00014-0:00005 

0.00004-0:00002 

3.5-25 

47V 

302-01-2 

Hydrazine 

0.00009 

0.00003 

io 

48P 

116-54-7 

N-Nitrosodietbanolaminc 0.00008-0:00002 

0.00007-0.00002 

1.2-1.0 

49P 

91-59-8 

2-Naphthylamine 

0.00005 

0.000002 

30.0 

50P 

7440-68-1 

Polonium-210 

pCi 0.4-0.04 

pCi 0.10-0.04 

4.0-1 


3-Pyridyl*3 1 3-{N-roethyl-N+Nitrosoamwo)propylketDne 
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substances are labeled as *P", to mean particulates. Line 3P (total particulates) has a per 
cigarette range from 76 to 20 mg SSS.,.40 to 15 mg MSS and SSS/MSS ratio of 1.9 to 1.3. 
The major component of particulates is in Line 5P (nicotine) ranging per cigarette from 
8.2 to 2.6mg for S5S and 2.5 to L0 per cigarette for MSS. Most of the remaining 
particulate constituents are in microgram quantities (see line 27V for dimethylamine, 50 
to 30 microg); polycyclic aromatic amines and metalic constituents are in nanogram 
amounts (Lines 41V to 50P), Most vapor constituents have SSS higher than MSS 
emission; thus, SSS/MSS ratios exceed 1 (see highest ratio of 170 for Line 4V # ammonia). 
However, it should be noted that relatively higher SSS emissions are not directly inhaled 
by nonsmokers but diluted with air in the enclosure, adsorbed in room furnishings, and 
discharged in the ventilating system. The tabulated MSS quantities apply to nonfiltered 
cigarettes and are considerably reduced by incorporation of filters. 


Sidestream Constituents with Workplace Standards 

More than half of the 50 selected constituents are useful industrial chemicals and have 
threshold limit values (Table 3). The 26 constituents are arranged in the order of 
increasing estimated cigarette equivalents, starting with 

- nicotine, then 
-■ acrolein, 

- formaldehyde, 

- carbon monoxide, and 
• ammonia. 

Their cigarette equivalents are less than 10, i.e., it takes 8 or less cigarettes to approach the 
corresponding TLV consumed in an enclosed nonventilated space of 10 cubic meters. For 
(v) hydrazine, (w) aniline, (x) dimethylamine, (y) acetone, and (z) 2-toluidine, the 
cigarette equivalents exceed 1,000. The situation seems impossible because the amount of 
oxygen in a 10 cubic meter enclosure will not support combusion of 1,000 or more 
cigarettes. The most extreme equivalent of 29,600 cigarettes can be dismissed as 
ridiculous, because 29,600 cigarettes would almost completely fill 10 cubic meters of 
enclosed space. Therefore, a consideration of TLVs can not support the allegation that 
any one or more of the fifty selected constituents in ETS can cause smoking-associated 
diseases in nonsmokers. There is a margin of safety of 10 or more times TLV for an initial 
biologic effect to appear, and 100 to L000 times for poisoning and death. The target 
organs include mucosal lining, nervous system, lungs, skin, eyes, kidneys, liver and 
bloodi 


Sidestream Constituents Without Workplace Standards 

The polycyclic aromatic amines, including benz(B)anthracene and benzo(a)pyTene, are 
formed during the combustion of organic matter and fuels. In animal experiments, 
repeated oral, dermal, subcutaneous or intratracheal administrations cause tumors 
(Table 4). However, inhalations of the same tabulated polycyclic amines or polonium, 
simulating human exposure to SSS or MSS, do not result in pulmonary tumors. A true 
inhaled carcinogen causes pulmonary lesions in both experimental animals and exposed 
humans. For example, bischloromethy) ether (BCME) and chi orom ethyl methyl ether 
(CMME) are proven inhaled tumorigens because human neoplasms seen in workers can 



2023381419 





Health Effects of 50 Selected Constituents of Environmental Tobacco Smoke 38? 


taper 
to 1.3. 
i from 
lining 
ne, 50 
)gram 
MSS 
pnia). 
ihaled 
l, and 
Itered 


I have 
ier of 


fch the 
LFor 
t, the 
intof 
more 
fd as 
rs of 
i that 
iated 
aitial 
arget 
f and 


h are 
jenu, 
fcnors 
jium, 
true 
losed 
^ther 
I can 


Table 3. Sidestream constituents with workplace standard 


Chemical Name 

Initial* Maximum 

lethal SSSmg/cig 

TLV 

mg/cum 

Cigarette 

equivalent 

Line 

(a) Nicotine 

N/N 

8.2 

0.5 

08 

5P 

(b) Acrolein 

M/P 

1.5 

0.25 

1.7 

11V 

(c) Formaldehyde 

M/P** 

5.0 

15 

3 

8 V 

(d) Carbon monoxide 

B/N 

108 

55 

5 

2 V 

(e) Ammonia 

M/P 

22 

18 

8 

4V 

(f) Nitrogen oxide 

M/N 

6.0 

30 

50 

7V 

(g> Hydroquinone 

O/Ni 

0.27 

2 

74 

20P 

(h) Acetic arid 

M/P 

2.9 

25 

86 

9V 

(i) Formic arid 

M/P 

0.7B 

9 

115 

15V 

(j) Particulates 

M/P 

76 

1,850 

138 

3P 

(k) Pyridine 

M/H 

0.8 

15 

188 

14V 

(1) Carbon dioxide 

N/N 

440 

9 '000 

204 

IV 

(m) Nickel 

M/P 

0.024 

0.1 

417 

39P 

(n) Phenol 

M/P 

0.42 

19 

452 

18P 

(o) Toluene 

N/B 

8.0 

375 

470 

6V 

(p) Methyl chloride 

M/N 

1.98 

105 

530 

10V 

(q) Catechol 

D/K 

0.32 

20 

617 

19V 

(r) Benzene 

N/B** 

10.0 

30 

625 

16V 

(•) Methylamine 

M/N 

0.18 

12 

672 

21V 

(t) Cadmium 

M/P 

OJ00072 

0.05 

700 

42P 

(u) Hydrogen cyanide 

B/N 

0.12 

11 

880 

22V 

(v) Hydrazine 

M/H** 

0.00009 

0.1 

1,040 

47V 

(w) Aniline 

B/B 

0.011 

8 

4,400 

3. IP 

(x) Dimetbylamine 

M/H 

0.05 

li 

6,250 

27V 

(y) Acetone 

M/N 

1.25 

1,780 

14,240 

12 V 

(z) 2-Toluidinc 

M/B 

0.003 

9 

29,600 

38P 


* Initial efTects/lethal target organs: B* Blood; D = Dermal; H *= Hepatic; K~ Kidney; 
M = Mucosal irritation; N = Nerous system; P = Pulmonary 
•• Suspected tumorigen 


be reproduced by inhalation exposure or experimental animals to BCME or CMME [ 15]. 
The suspected tumorigens in SSS and MSS administered by inhalation of tobacco smoke 
do not induce pulmonary neoplasm in experimental animals, 

The last group of SSS constituents without workplace standards have been tested for 
mutagenicity. The results of mutagen testing have been positive for six constituents, and 
negative for seven others (Table 5). All of them have not been tested by inhalation route, 
and available biological activity are derived from oral, parenteral injection, or 
dermatomucosal application in experimental animals. 


Conclusions 

The consensus selection by the USPH5* NAS-NRS and IARC of fifty constituents in 
environmental tobacco smoke has been reviewed in terms of potential health effects. It is 
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Table 4. Sidestream constituents without workplace standards: suspected tuxnorigens based on 
oral, dermal or intratracheal administration in experimental animals 


Chemical name 

Maximum SS5 mg 

Route 

Line 

4-Aminobiphenyl 

0.00014 

oral, subcutaneous 

45P 

Benz(a Anthracene 

0.00028 

dermal, subcutaneous 

44P 

Benzo(a)pyrene 

0.00014 

oral, dermal, tracheal! 

46P 

2-Napbthylamine 

0.00005 

oral; subcutaneous 

49P 

NNK* 

0.004 

Mutagen 

37P 

N-Nitrosodiroethylamine 

0.004 

oral; dermal 

36V 

N-NitrosodiethyUmine 

0.001 

oral; dermal, tracheal 

40 V 

N-Nitrosodjtthanolaroine 

0.00008 

oral; subcutaneous 

48P 

N^Nitroiopyrrolidine 

0.0009 

oral 

41V 

N^Nitrosonomicotine 

0.009 

oral; subcutaneous 

33V 

Polonium - 210 

pa o.4 

tracheal 

50P 


• 3-pyridyl-3-{N-metbyl-N-NitTOsamin o)propylketone. 


Table 5. Sidestream constituents without workplace standards: unsuspected tumorigens; some 
positive genotoxicity 


Chemical name 

Maximum SSS mg 

Genotoxidty 

Line 

Anatabine 

0.010 

Negative 

32? 

Benzoic add 

0.027 

Mutagen 

28P 

g-Butyrolactone 

0.11 

Negative 

25P 

Carbonyl sulfide 

0.005 

Negative 

33V 

Cholesterol 

0.019 

Mutagen 

30P 

Glycolic add 

0.12 

Negative 

24P 

Harman 

0.005 

Mutagen 

34P 

Lactic add 

0.12 

Mutagen 

23P 

3-Metbylpyridine 

047 

Negative 

17V 

Quinoline 

0.022 

Mutagen 

29P 

Succinic add 

0.09 

Mutagen 

26P 

3-Vinylpyridine 

1.20 

Negative 

13V 

Zinc 

0.0004 

Negative 

43P 


this reviewer's opinion that the selected constituents do not cause smoking-associated 
diseases in nonsmokers. The concentrations in sidestream smoke are so low that 
respective threshold limit values may be exceeded by igniting less than 10 cigarettes in 10 
cubic meter enclosure for nicotine, acrolein, formaldehyde, carbon monoxide and 
ammonia. However, this is unlikely to occur in public places or dwellings. It will take 55 
to 29,600 ignited cigarettes in a 10 cubic meter enclosure to exceed the respective TLV for 
21 other constituents. The remaining 24 constituents with no recommended work 
standards have been tested for turnorigenicity and genotoxicity. Polycyclic aromatic 
amines do not cause pulhtonary tumors when administered by inhalationa) route ini 
experimental animals. Other constituents have not been investigated by inhalation route 
but instead, by oral, subcutaneous injection, or dermatomucosal application. Finally, it 
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should be noted that with the exception of carbon dioxide, carbon monoxide, 
particulates, ammonia and nicotine, the 44 other remaining constituents are present in 
cigarette smoke in microgram and nanogram quantities. Since the total emission is so 
small and diluted by environmental air, it is unlikely that any one of the fifty selected 
constituents can be a health hazard to the nonsmokers. Potentiation between two or more 
constituents has not been proven or disproven. 
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